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THE INSTITUTE 


An Ordinary General Meeting of the Institute of 
Petroleum was held at 26 Portland Place, London, W.1, 
on 6 November 1957, the Chair being taken by Dr E. B. 
Evans, a vice-president of the Institute. 


The General Secretary read the minutes of the previous 
meeting, which were confirmed and signed as a correct 
record. He also announced the names of members 
elected since the previous meeting. 


The Chairman, introducing the authors of the paper 
to be presented, said: One of the most difficult problems 
which both the refiner and the marketer have to face is 
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the estimation of how much petroleum and its various 
products will be required annually during the next few 
years. One aspect of this very difficult problem will be 
discussed by our authors to-night. 

Both Mr Chandler and Mr Lindsell are experienced 
economists who are very well fitted to discuss this intri- 
cate matter. Mr Chandler, who has had a very wide 
experience, previously served on the Financial Times 
and is now manager of the Economie Division of the 
Trade Relations Department of the Shell Petroleum 
Company. Mr Lindsell has also been with the Shell 
Petroleum Company for a number of years and is now 
manager of the Industry and Group Analysis Division of 
the Trade Relations Department. 


CYCLICAL FLUCTUATIONS AND BLACK OIL DEMAND— 
AN INTRODUCTION * 
By G. CHANDLER * (Member) and D. A. LINDSELL + 


INTRODUCTION 
THE significance of cyclical fluctuations for future long 
range planning in the oil industry is obvious. The 
scale and direction of its investment projects and their 
anticipated profitability clearly necessitate as full a 
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study of future economic developments as possible. 
Moreover, economic fluctuations have additional 
significance as the darkening of the main product 
stream brings the relationship between product 
demand and industrial activity into closer alignment. 
The intention of this paper is to consider the impact 
of these fluctuations on black oil demand. 

Since there are few factors, either political or eco- 
nomic, that are not relevant to such a study, it is 
inevitable that our knowledge is incomplete and that 
much of this paper, in particular where it deals with 
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the future, must consist of inference and speculation. 
The aim therefore is to pose certain questions, to pro- 
vide certain data, and to sketch a broad impression 
rather than a detailed analysis. 


THE ENERGY PERSPECTIVE 
Before turning to the historical background of eco- 
nomic fluctuations themselves it may be helpful to 
provide some perspective of the problem by showing 
the proportions of world demand which were supplied 
by the various sources of energy in the pre-war and 
post-war periods (Fig 1). 
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It may also be useful at this point to show the 
trends of total petroleum fuels and black oil consump- 
tion over the same period (Fig 2). 
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An Ordinary General Meeting of the Institute of 
Petroleum was held at 26 Portland Place, London, W.1, 
on 6 November 1957, the Chair being taken by Dr E. B. 
Evans, a vice-president of the Institute. 


The General Secretary read the minutes of the previous 
meeting, which were confirmed and signed as a correct 
record. He also announced the names of members 
elected since the previous meeting. 


The Chairman, introducing the authors of the paper 
to be presented, said: One of the most difficult problems 
which both the refiner and the marketer have to face is 


INTRODUCTION 
THE significance of cyclical fluctuations for future long 
range planning in the oil industry is obvious. The 
scale and direction of its investment projects and their 
anticipated profitability clearly necessitate as full a 
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study of future economic developments as possible. 
Moreover, economic fluctuations have additional 
significance as the darkening of the main product 
stream brings the relationship between product 
demand and industrial activity into closer alignment. 
The intention of this paper is to consider the impact 
of these fluctuations on black oil demand. 

Since there are few factors, either political or eco- 
nomic, that are not relevant to such a study, it is 
inevitable that our knowledge is incomplete and that 
much of this paper, in particular where it deals with 
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the estimation of how much petroleum and its various 


CYCLICAL FLUCTUATIONS AND BLACK OIL DEMAND— 
AN INTRODUCTION * 
By G. CHANDLER ¢ (Member) and D. A. LINDSELL t 


May 1958 


products will be required annually during the next few 
years. One aspect of this very difficult problem will be 
discussed by our authors to-night. 

Both Mr Chandler and Mr Lindsell are experienced 
economists who are very well fitted to discuss this intri- 
cate matter. Mr Chandler, who has had a very wide 
experience, previously served on the Financial Times 
and is now manager of the Economic Division of the 
Trade Relations Department of the Shell Petroleum 
Company. Mr Lindsell has also been with the Shell 
Petroleum Company for a number of years and is now 
manager of the Industry and Group Analysis Division of 
the Trade Relations Department. 


the future, must consist, of inference and speculation. 
The aim therefore is to pose certain questions, to pro- 
vide certain data, and to sketch a broad impression 
rather than a detailed analysis. 


THE ENERGY PERSPECTIVE 
Before turning to the historical background of eco- 
nomic fluctuations themselves it may be helpful to 
provide some perspective of the problem by showing 
the proportions of world demand which were supplied 
by the various sources of energy in the pre-war and 
post-war periods (Fig 1). 
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It may also be useful at this point to show the 
trends of total petroleum fuels and black oil consump- 
tion over the same period (Fig 2). 
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ECONOMIC FLUCTUATIONS 

The Historical Experience 

The period following world war I was marked by 
one acute depression and several of lesser degree. 
For the purpose of this paper it is intended to examine 
the great depression of the 1930s and the two U.S. 
post-war recessions of 1948-49 and 1953-54. These 
have been sufficiently often discussed to require only 
a brief résumé here of the factors which have relevance 
for this study. 


Pre-war 

The depression of the 1930s was characterized by 
its length and severity: Free World industrial pro- 
duction reached a peak in 1929 which was not regained 


The Growth of Industrial Production 1926-38 
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until 1937, and over the period 1929-32 it fell by well 
over one-third (Fig 3). 

The U.S.A.—the world’s largest industrial producer 
and the largest consumer both of energy and primary 
products—played a dominant role in influencing the 
rest of the world and setting in motion the cycle of 
depression and recovery. The nature of this cycle is 
still debated, but when the Wall Street crash came in 
1929 it revealed an economy in which five major 
weaknesses were perceptible : 


(1) a distribution of income which gave about 
one-third of all personal income to 5 per cent of 
the population; 

(2) a corporate structure which had been built 
into a huge and unsound edifice ; 

(3) a weak banking structure; 

(4) a U.S. export surplus which led to loan de- 
faults and so to the decline of U.S. exports; 

(5) inadequacy of economic intelligence and of 
courage on the part of the Government to act on 
the little information that was available. 


The swift ebb of confidence, the cessation of invest- 
ment, which had started to slacken even before the 
crash, and the application of the wrong remedies 


added to these weaknesses to make economic disaster 
certain. Heavy price declines for manufactured 
goods, for farm products, and raw materials removed 
any hope of an early recovery, and the downward 
revision of long-term investment plans brought a 
pattern of industria] recession, now familiar to his- 
torians, in which investment goods suffered most 
severely. From 1929 to 1932 the U.S. industrial 
production index fell by just under 50 per cent; but 
within this total, as the following chart shows, iron 
and steel, transport equipment, and machinery fell by 
some 70 per cent (Fig 4). 

The U.S.A. at this time absorbed more than one- 
third of the world’s raw materials supplies, and the 
contraction of American demand rapidly transmitted 
its influence—both directly through a cut in imports 
and indirectly through domestic price falls—to the 
primary producing regions. The resultant fall in 
prices in turn reduced the level of demand for manu- 
factured goods, and the industrialized regions began 
to experience unemployment on a scale the memory 
of which is still a significant factor today. Govern- 
ment action to restore trade balances contributed 
further to a world-wide contraction of trade and its 
associated monetary crises. The impact of the U.S. 
slump on Western Europe was such that a fall in 
aggregate industrial output of roughly one-quarter 
occurred between 1929 and 1932. The 1929 peak was 
not regained until 1935-36. 


Post-war 


The economic fluctuations experienced since the 
war have been very different and have taken place in 
a radically changed economic climate. They have 


Components of U.S. Industrial Production 
Percentage Fall 1929-32 


been characterized by relatively slight industrial 
declines, persisting at most for a period of 14-2 years, 
and by a variety of experience in individual countries 
and individual industries which has prevented any 
universal recession of the type experienced in the 
1930s. A period of reconstruction; a high level of 
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employment accompanied by considerable increases 
in productivity; Government and defence expendi- 
ture at unprecedented levels; and the economic 
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development of primary producing regions have all 
tended towards excess rather than inadequate de- 
mand. None the less, the two chief post-war reces- 
sions in the U.S.A. and their repercussions outside have 
shown that inadequate effective demand generates 
economic fluctuations whose outline resembles those 
of the pre-war period, even though their duration and 
severity have been widely different. 

The index of industrial production both for the 
Free World as a whole and for the O.E.E.C. area 
shows no absolute fall from 1947 to 1955, despite the 
experience of individual countries, notably the U.S.A. 
and the U.K., where distinct falls in industrial output 
have occurred (Fig 5). 


U.S. Merchandise imports 
Millions of U.S. Dollars 
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The weaknesses in the U.S. economy which brought 
disaster in 1929 have been largely remedied in the 
post-war period. Moreover, while the U.S.A. has con- 
tinued to dominate the world economy, its domestic 
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industrial fluctuations have not been automatically 
transmitted to the rest of the world. On the other 
hand, although the domestic consequences of the 
1948-49 recession were mild, the external reper- 
cussions were far-reaching, and even the minor pauses 
experienced in the U.S. economy in 1947 and 1951-52, 
when manufacturing production fell only slightly but 
inventory accumulation was sharply reduced, coin- 
cided with exchange crises in other countries. The 
contraction of U.S. imports, illustrated by Fig 6, 
underlines one of the most important characteristics 
distinguishing the post-war from the pre-war world 
economy—the more slender exchange reserves of most 
countries of the world outside the U.S.A. 

Fig 7, illustrating certain indicators of U.S. eco- 
nomic change, emphasizes the relative internal mild- 
ness of the recessions. 

In both periods industrial production fell by less 
than 10 per cent (Fig 8), and the most significant change 
occurred in gross private domestic investment, which 
was largely accounted for by a substantial fall in 
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inventories. As would be expected, in both recessions 
producers’ goods were affected more seriously than 
non-producers’ goods. Also in both cases the level 
of Government expenditure, the buoyancy of total 
personal consumption expenditure, and—of particular 
importance—the maintaining of confidence prevented 
the recession seriously influencing long term investment 
plans. 

However, these “ rolling readjustments”” as they 
have been called, in which weakness in one sector of 
the economy was offset by strength in another, had 
significant influence abroad. The influence of these 
movements on U.S. trade with the rest of the world 
has already been illustrated. The deterioration of 
trade balances was a major factor in the devaluations 
of 1949, and even though a large current payments 
surplus enabled the world to ride out the 1953-54 
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decline more easily, it has been suggested,* though 
perhaps too pessimistically, that a fall of 2-3 per cent 
in employment in the U.S.A. might mean a fall of 
15-20 per cent in the value of U.S. imports. 


The Growth of U.S. Industrial Production 


1946-56 
Index 1938=100 


275 YA 275 
VY 


ns 


175 175 
150 150 
Fie 8 


This aspect of post-war recessions is of central 
importance for the future, both in its possible impact 
on bunker demand through the contraction of inter- 
national trade and in the restrictive measures which 
have been the usual Government weapons to protect 
their trade balances. 


Growth Production 


Energy Fluctuations 

The fluctuations of industrial production in both the 
pre-war and post-war periods were followed remark- 
ably closely by energy consumption. This is illus- 
trated in Figs 9 and 10, in which both variables are 
plotted on an index basis. 

The visual picture provided by these diagrams tends 
to be misleading in that the impression is given that 
while in the pre-war period energy and I.P. indices 
remained very much the same, in the post-war period 
industrial production has increased more swiftly than 


CHANDLER AND LINDSELL: CYCLICAL FLUCTUATIONS 


energy. On closer examination, however, it becomes 
clear that the basic difference between the two charts is 
that in the pre-war period overall growth in both vari- 
ables was very slight, whereas in the post-war years 
both industrial output and energy have risen rapidly. 

In both these periods the elasticity of energy con- 
sumption in relation to industrial production in the 
free world, though not constant, has fluctuated within 
the relatively small margin of 0-7 to 0-8. This rela- 
tionship, however, is of little practical use since it 
comprises an aggregate of widely differing national 
economies. 

For the U.S.A. and Western Europe, the pre-war 
elasticities of energy in relation to industrial produc- 
tion were determined statistically as 0-56 and 0-80 


Growth of Industrial Production & Energy 
Consumption —Post War 
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respectively. These elasticities have been assessed to 
be accurate within about +0-05. The post-war 
elasticities for these two areas cannot be determined 
so precisely. Whereas in the pre-war period the 
violent fluctuations around the time trend enable firm 
estimates to be made, the relatively stable economic 
growth since the war, particularly in Western Europe, 
has caused the variation around the trend to be much 
smaller and consequently makes the elasticity measure- 
ment less accurate. These elasticities have been calcu- 
lated as 0-60 and 0-52 for the U.S.A. and Western 
Europe respectively, but while this brief examination 
is sufficient to establish that a relationship between 
the two variables exists over time, further analysis is 
needed to ascertain the significance of the changes in- 
dicated and the extent to which the relationship itself 
has changed in the years 1946-1956. 


THE IMPACT ON BLACK OILS DEMAND 


The preceding sections have outlined the nature of 
economic fluctuations over the past three decades or 
so, and have summarized some of their characteristics. 


* The World Dollar Problem, Sic Donald MacDougall. 
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It has been seen that fluctuations in total inland 
energy consumption have in the past been associated 
within relatively small limits with those of industrial 
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tion whether black oils consumption has likewise 
tended to follow past fluctuations in industrial pro- 
duction. 

Before outlining the relationship of black oils with 
industrial production in the U.S.A. and Western 
Europe from the middle 1920s it is useful first of all to 
examine Fig 11, which shows that inland black oils 
consumption in the Free World up to the beginning 


Coal, Black Oil Consumption & 
industrial Production 1926-38 
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of the first world war was increasing at an average of 
some 20 per cent per annum, a rate far in excess of any 
that could be attributed simply to increasing industrial 
production. This is, indeed, a clear example—not 
without significance for the future—of a young 
industry in the early days of rapid growth to adult 
status—a growth which is still continuing and which 
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has gone on throughout the entire period we are dis- 
cussing, thereby changing the relative weight of coal 
and oil in the supply of total energy needs. 

Figs 12 and 13 illustrate the relationship between 
variations in the level of industrial production, coal 
and black oils consumption from 1926 to 1956 in the 
U.S.A. and Western Europe. 


U.S.A. 


It will be observed that total coal consumption fell 
by nearly 40 per cent in the depths of the great de- 
pression, a far steeper fall than that of black oils 
demand, which nevertheless was of the order of 25 
per cent. By the outbreak of the second world war, 
however, black oils consumption had fully recovered 
from this set-back and was running at a level con- 
siderably higher than that of 1929, although it followed 
the downward trend in industrial activity between 
1937 and 1938. On the other hand, coal consumption 
only gradually improved from the 1932 level and, 
particularly after the downturn of 1938, was still 
substantially below its 1929 level. 
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The expansion in post-war black oils consumption 
in the U.S.A. was clearly affected by the 1948-49 and 
1953-54 declines in business activity. 


Western Europe 


In Western Europe, where the preponderant posi- 
tion of coal in the total energy supply was even more 
marked than in the U.S.A., the trough in industrial 
production during the great depression was less than 
in the U.S.A. in terms of percentage fall 1929-32. 
Coal consumption followed the decline, but by 1937 
had regained its pre-crisis level. Even during the 
depression, however, black oils consumption registered 
no absolute decline, although its growth rate was 
slowed down, and this suggests that the effects of the 
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disturbance were felt. By 1938 the pre-crisis demand 
for black oils had more than doubled, whereas indus- 
trial production had shown only moderate increase. 

The post-war growth in coal consumption has been 
less than that in black oils, although a slight check 
in the European economy between 1951 and 1952 
resulted in a noticeable slackening in the growth rate 
of black oils consumption. 

At this stage certain aspects suggest themselves 
which require careful consideration in any study of 
the relationship between economic fluctuations and 
black oils demand: 


(a) The choice of appropriate indices of eco- 
nomic activity, both as a measure of past events 
and as a guide to the likely severity of future 
variations. In the foregoing pages the chosen 
indicator has been the index of industrial pro- 
duction. Ideally, however, the indices used 
should depend on the black oil end-use under 
consideration. 

(b) Where two energy sources are inter- 
changeable, e.g. coal and oil, the rate at which 
one is being substituted for the other. There is 
some evidence in the foregoing pages to suggest 
that this rate of substitution may be so high as 
in certain circumstances to nullify what would 
otherwise be the effects of at any rate a mild 
economic recession. Alternatively, substitution 
may accentuate the normal effects of economic 
decline upon the relationship between two energy 
sources in a particular end-use. 

(c) The degree to which an individual energy 
source is affected by fluctuations in economic 
activity is a function of the size of the contribu- 
tion of that energy source to the total supply of 
energy. It has been seen that the preponderant 
energy fuel—coal—suffered far more seriously 
both tonnage-wise and percentage-wise during 
the great depression than oil. It may be pointed 
out, however, that although the general proposi- 
tion will very often be true in terms of tonnage, 
it may prove less reliable as to percentage. 


At the same time it must be emphasized that a full 
assessment of economic fluctuations and black oils 
demand can be derived only from an aggregation of 
individual country studies and not from overall trends 
for the world or major segments thereof. 


THE IMPORTANCE OF END-USE 


Point (c) is further illustrated by reference to Fig 14, 
which shows that in electricity generation, whilst oil 
consumption declined by some 23 per cent in the 
depth of the great depression, coal consumption (pre- 
viously twenty-six times greater than oil consump- 
tion) fell by 33 per cent compared with the overall 


declines of 23 per cent for total inland black oil con- 
sumption and 40 per cent for total inland coal con- 
sumption. In this particular use, therefore, consump- 
tion of coal, by far the senior partner, was noticeably 
less seriously affected percentage-wise by the great 
depression than was total coal consumption in all 
uses. 

It is therefore evident that a vital consideration in 
any study of this nature is to survey as fully as 
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possible at least the main end-uses of energy both 
from oil and from competing sources. The particular 
black oils end-use pattern of a given geographical 
area may render total black oils demand in that area 
more or less prone to damage by economic disturb- 
ances, and it may therefore be of interest to illustrate 
some patterns from historical data. 

Fig 15 gives for 1955 a percentage breakdown of 
inland black oils demand by end-uses for three major 
geographical areas of the world—the U.S.A., Western 
Europe, and the rest of the Free World. The detailed 
information relates only to the first two areas, but 
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together these accounted for 75 per cent of total Free 
World inland black oils consumption. 

The first point to note is the heterogeneity of the 
end-uses of black oils comparing one zone with 
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another, and strikingly illustrated by the comparison 
between Western Europe and the U.S.A. 

It is also valuable to note in Figs 16 and 17 the 
change in the relative importance of certain end-uses 
in the individual zones between the years 1938 and 
1955. 


THE FUTURE 


The Nature of Fluctuations 


Post-war experience has left little reason to doubt 
that economic fluctuations will continue to be part of 
the pattern of future economic development, although 
they need not be expected to recur with the apparent 
periodicity which characterized the eighteenth and 
nineteenth centuries. While the main characteristics 
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of recessions are likely to remain similar to those of 
the post-war period, there is no guarantee that their 
severity may not be greater, although the factors 
which have prevented any protracted decline in that 
period can be expected to remain strong in the future. 

The greater structural strength of the U.S. economy 
has already been noted. In the world as a whole 
there are also several factors, both in the nature of 
economic growth itself and in the sphere of Govern- 
ment activity, which will tend to cushion future 
fluctuations. In the first category comes the pressure 
of underdeveloped areas for economic advancement. 
In the second category are preparedness on the part 
of Governments to combat possible recessions, an 
improvement in the means by which they can do so, 
and some addition to our knowledge of the tools for 
predicting the course of the economy. 

International commodity agreements, although still 
not fully tested, may assist in preventing violent price 
movements which in the past have been a significant 
factor in accelerating a fluctuation. International 
co-operation, both between the U.S. and the rest of 
the Free World and within Western Europe, has 
helped to provide the means for offsetting economic 
weaknesses in different sectors of the world economy. 

In studying the impact of future fluctuations on 
black oil demand, therefore, we can make certain 
assumptions which have some broad justification. 
The chief of these assumptions are as follows: 


(1) that economic fluctuations will continue to 
be encountered ; 

(2) that none the less a depression on the scale 
of the 1930s is not expected to recur; and 

(3) that although the post-war experience of 
fluctuations is expected to provide some guide to 
the future, it is no necessary guarantee that 
fluctuations may not be more severe in their 
intensity. 


To these must be added two further and more 
arbitrary assumptions: first, that any modification 
of military expenditure in the world will be phased in 
such a way as to avoid serious economic disruption; 
secondly, we have discounted for the purpose of this 
paper the possibility of major economic crises of 
largely political origin. 

Having made these assumptions, there are certain 
new factors on the scene which must be taken into 
account in considering the nature and impact of 
future fluctuations on black oil. The balance of pay- 
ments aspect has already been mentioned, but it is 
worth repeating that the precarious state of the 
monetary reserves of many countries may in a reces- 
sion provide a further impetus towards the exploita- 
tion—possibly uneconomic—of indigenous fuels. The 
second major factor is the appearance of a new source 
of energy—nuclear power—which, although limited 
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in the application at present envisaged for it, has very 
direct relevance to the subject of this paper. 


Their Relationship with Black Oils 


It is not possible within the scope of the present 
paper fully to survey the probable future relationships 
between black oils demand and economic fluctuations, 
but it is possible to set out some of the major factors 
which need to be considered and to suggest one way 
of obtaining what amounts to an index of vulnerability 
of black oils demand to changes in the level of 
economic activity. 

The points which seem to call ideally for special 
study are the following, which must be measured 
within the context of a detailed industrial pattern: 


(a) the energy end-use pattern in the particular 
geographical area and the elasticity of each end- 
use in relation to economic fluctuations; 

(b) the relative importance of each end-use in 
the total demand for energy within the area. 


From these two studies one can attempt to deter- 
mine how important each end-use will be in influencing 
the extent to which total energy demand will fluctuate 
in the future and similarly any one of the energy 
sources being studied. 


(c) The third essential is an assessment of the 
degree of substitution which may occur between 
the various energy sources, e.g. oil and coal, within 
each end-use. Taking a single industry as an 
exaiple, it is necessary here to consider the 
elasticity of consumption of each energy fuel in 
relation to the total energy requirements of that 
industry, which will involve studying: 

(i) the relative degree of efficiency-in-use of 
each energy fuel in the industry; bearing in 
mind, first, that substitution is usually a time- 
consuming operation and is therefore related 
to the time element in the study of economic 
fluctuations; secondly, that there may well be 
a physical limit to the degree of substitution 
which is practicable; 

(ii) political factors, which fundamentally 
resolve themselves into problems of imported 
and indigenous fuel. 


These considerations include the main elements for 
study in a comprehensive assessment of the relation- 
ships between black oils demand and future economic 
fluctuations. 

In its entirety the calculations involved would be 
immense for any complex industrialized country, and 
a basic problem for future research in discussing a 
whole country’s position would be the extent to which 
the variables can be aggregated. 

However, it should be borne in mind that it is not 
always the country position which needs examination. 
The extent to which black oils are liable, more or less, 
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to fluctuate as industrial production can be studied 
in smaller sections of the economy. 

Appendix A has been developed to indicate the 
procedure involved. 


APPENDIX A 
Assessing the Impact 


This Appendix has been developed in order: (1) to express 
in mathematical form both the variables which need to be 
studied and their inter-relationships, and (2) to illustrate the 
use of the mathematical form in regard to certain data avail- 
able on the U.K. 


1. The Mathematical Form 


The aim of this exercise is to produce a simple model, taking 
into account the variables affecting each factor separately as 
well as the overall relationship. 

In particular, the crux of the argument should throw light 
on the following question: ‘‘ Will black oil demand vary in 
the future more than total industrial production? ”’ 


Relevant Factors 


1. It is important to break down industry into as many 
sectors as possible consistent with the information available. 
This is so, since each sector will vary considerably with respect 
to the relationships outlined in the following paragraphs. 

2. To each sector we can determine elasticity relating its 
production to total industrial production. This will quantify 
the idea that the performance of industries varies in relation 
to overall business cycles. 

3. In each sector we can relate energy requirements to pro- 
duction. 

4. Again, in each sector, black oil consumption will be a 
proportion of total energy requirements. We can determine 
an elasticity relating black oils consumption to total energy 
requirements. 


Mathematical Relationships 
Variables 
Total industrial production 
Total energy 
Total black oil 
Production in industry (i) 
Energy in industry (i) 
Black oils in industry (i) 
Increase in total industrial production 


The symbol A applies to all increases. 


P 


Equations 
(1) Overall Equation : 
AB _ 


4P 
P 


The elasticity (e) is, of course, what we are aiming to deter- 
mune. 


(2) For each industry: 


(a) a = aj > (Relevant Factor 2) 
AE, AP. 
(b) = = bj Pp (Relevant Factor 3) 
(c) Ci (Relevant Factor 4) 
B; E; 
(3) Now, 
from (2) (c) 
= from (2) (b) 
= from (2) (a) 
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(4) Suppose (d;) is the proportion of black oil demand in 
industry (7), 


B 
then = B 
AB DAB, 
(5) Now, 
B 
= AB, 
fe BB; 
AB, 
= > d; B from (4) 
(6) Then, 
Therefore, 
by. from (1) 


We have now broken down the elasticity (e) into three com- 
ponent parts, (cj, 6;, a;) for each industry (dj is merely a 
weighting factor). 


2. The Illustration 


This particular approach is applied in the following para- 
graphs to data covering four of the major industries in the 
U.K.—steel, chemicals, gas, and textiles. The original data 
covered only the post-war period and does not reflect any 
extensive cyclical fluctuation. The elasticities have been but 
broadly estimated without applying refined statistical 
methods, purely to provide one illustration from which 
certain broad conclusions may be drawn. 


Chemi- | Tex- | Allin- 
Steel | cals Gas tiles | dustry 
(i) Bwith = 1-7 2-5 3-3 3-4 
(ii) EB with P = bj : 1 1-2 1 0-6 0-5 
| Gii) Pwith Toran LP. = 
a . . O8 | 15 | O85] 35 | 1 
(iv) Bwith Toran LP..| | 3 18 7 1:7 
Bas aproportion of TOTAL B = dj,%| 35 6 18 6 100 
P asa proportion of ToTaL P,% . | 46 4-7 14 13-3 |100 
ENERGY INTENSITY INDEX ® . 45 | 09 |15 0-4 | 1-0 
RATE OF INCREASE IN PRODUCTION, | | 
B as a porportion of FE: 
1948,% . ‘ 6-0 4:2 2-6 3-4 3-0 
1954,% . 9-3 55 | 26 45 44 


® This index shows the importance of fuel to each industry’s output relative 
to an overall average index of unity. This was compiled by relating energy 
input to industrial output for the year 1948, 


Small though this table is, it illustrates the type of problem 
which has to be faced: 


(1) The elasticities for the individual industries of B 
with E can vary very substantially industry by industry. 

(2) The weighted average of the elasticities (iv) for 
the four industries is approximate'y 2-0. This is in 
fairly close agreement with the figure for all industries 
(1-7) for which the growth and variations in the individual 
factors are illustrated in Fig 18. 

(3) However, the reasons for this approximate simi- 
larity in elasticities are clearly not the same. 
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It should be noted that the elasticities calculated above are 
the average over the given period. In applying the formula 
to the future the possibility of change in the elasticities will, 
of course, need to be examined. The final expression for the 
future is obtained by linking the weighted answer with the 
change in economic fluctuations as a whole. 

Covering the whole field of industry can be an immense job. 
However, by gradually enlarging the scale of the enquiries 
our knowledge of the behaviour of black oils in the light of 
economic fluctuations should be increased, with a consequent 
help to the operational planning of supply. 


Deviations about the Trend of U.K. Indices 


Industrial 


Energy 


} 
| 
| 


a 


Fie 18 


Free World indices of Oil Bunker Demand 


& Seaborne Trade 
1937 = 100 
Oil Bunkers 
1s0 —— 190 
100 "Seaborne Trade | ~~Seaborne Trade 
eo 80 
60 
729 ‘38 1955 
Fie 19 


APPENDIX B 
Factors Affecting Bunker Demand 


The object of this Appendix: is to indicate the course of 
certain variables which influence the rate of growth of bunker 
demand. 

Fig 19 illustrates the severity with which the world levels 
of seaborne trade and oil bunkers were affected during the 
1929-32 depression and the 1937-38 recession. Although it 
is clear that oil bunker consumption reflected major economic 
fluctuations, it is difficult to interpret the relationship between 
the two variables because of the rapid rate of conversion from 
coal to oil firing which was at work in the 1930s. This rate 
of conversion is indicated by the fact that the proportion of 
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the world merchant fleet which was oil-fired grew from one- 
third in 1925 to more than half of the total fleet by 1938. 

In the post-war period the volume of seaborne trade and 
the demand for oil bunkers have both grown at a rapid rate. 
Between 1948 and 1955 world oil bunker consumption has 
expanded by an annual rate of increase of some 6 per cent. 
The seaborne quantum has grown at a rate of more than 7 
per cent, annual average increase. 

The consequences of conversion from coal to oil firing have 
been such that less than 10 million tons of coal a year are 
now consumed as Free World ocean bunkers, compared with 
— of 74 million tons of oil bunkers in the Free World in 

55. 

Changes in the future level and pattern of world seaborne 
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trade will react on the level of demand for oil bunkers in two 
ways: 
(a) via changes in the volume and pattern of dry cargo 
trade; and 
(b) via— 
(i) growth in the level of inland oil consumption 
itself. 
(ii) changes in the pattern of inland oil consumption 
itself. 


An assessment of the relationship between fluctuations in the 
volume of world seaborne trade and fluctuations of oil bunker 
demand may be expected to require separate consideration 
of the factors involved in (a) and in (5). 


DISCUSSION 


A. E. Makins: It is possibly because I am not an 
economist, but although I can see some relationship 
between economic fluctuations and the general rate of 
growth in industrial demands, I cannot see how one can 
really try to tie it down to the demand for black oils in 
particular, or any other form of energy. 

I noticed in the authors’ indices on energy and black 
oils, that in about 1951 and 1952 there was a check or 
recession in the economic growths, and that tied in very 
conveniently with the drop in the rate of growth of black 
oil demand. However, I thought that the check in the 
rate of growth was due to the increase in price of black 
oils. Between January 1951 and January 1952, there 
were something like four increases in the price of black 
oils, equivalent to about 25 per cent increase, and I think 
it was those price increases which really checked the rate 
of growth, rather than the general slight economic 
recession about that period. 

If that is so, it looks as if it is difficult to assess the 
effect of an economic recession on black oils, even after 
it has happened, and to really apportion it. To do that 
in the future, therefore, must become correspondingly 
more difficult. The other matter the authors touched 
on, which I think will completely obscure the effect 
of economic fluctuations, particularly as far as the 
U.K. and Western Europe is concerned, is the maximum 
use of indigenous fuels. Mr Maudling made a statement 
in the House of Commons to the effect that the Govern- 
ment must accept the responsibility for the overall 
policy with regard to fuel and it must intervene, stimu- 
late, and encourage where necessary, to ensure that there 
was a sufficient supply of energy, but at the same time 
it must ensure that indigenous fuels make the maximum 
contribution to the balance of payments. This is a 
problem which the U.K. will have for some time. 

The authors also touched on the question of nuclear 
power. I think that this has a far greater bearing on the 
demand for black oil than these economic fluctuations. 

In the U.S.A. another effect is that industry, to a much 
greater extent than in the U.K., is equipped to switch 
from one type of fuel to another, virtually at a moment’s 
notice, in order to take advantage of any price con- 
cessions, which either coal, oil, or natural gas are pre- 
pared to grant. I feel that it is a possible development 
that industry will equip itself to do so in the U.K. In 
that event, I would like the authors’ opinion on the 
possibility of the Government really intervening to 
maximize the use of indigenous fuels at the expense of 
imported fuels. In other words, throwing the whole of 
the flexibility of the U.K. energy programme back on to 
black oils. What would be the effect of that on in- 
dustry? 


D. A. Lindsell: In regard to the first question, we have, 
of course, looked at the position very broadly, but it is 
evident in Western Europe that not only has there been 
a very rapid increase in the consumption of black oils 
since the war, but also there was a marked slowing down 
in this rate of increase in 1952 in sympathy with a similar 
slowing down in industrial production. 

Coal consumption over the same period has, in com- 
parison, hardly changed at all. Though in sympathy 
with those in industrial production, these changes have 
been minor compared with those in black oils. 

In regard to the question of future levels of demand, I 
should perhaps make it quite clear what we have been 
trying to do in this paper. We are not really discussing 
in any detail the average annual rate of growth of an 
individual energy source over a period of years. What 
we have discussed is the extent and nature of variations 
about that trend. 

One of the problems with which we are faced in the 
future is the extent to which, in a given economic climate, 
indigenous sources of energy will be preferred to imported 
ones. In this respect, the point Mr Makins made about 
the U.S.A. as to how quickly one can switch from 
sources of energy is clearly very important. The prob- 
lem will, however, vary: if one can only switch over at 
the end of six months, then one has one type of problem ; 
if one can change in a very much shorter period, as in 
the U.S.A., then one has another. 

It is gratifying that Mr Makins mentioned these things, 
because they are obviously the aspects on which one has 
to make up one’s mind in studying the relationship of 
what we call “ B. with E.”’ in the future. 


G. Chandler: I had hoped that we had included every 
factor which might affect the demand for black oils, 7.e. 
substitutability (which, of course, includes price), the 
place of nuclear energy, and the balance of payments 
question to such an extent that we would be protected 
against any form of question whatsoever by taking refuge 
in the complexity of the problem! 

Having said that, I feel that Mr Makins’ question 
sprang from looking chiefly at the U.K.; as Mr Lindsell 
has already said, many of these indices were very much 
broader than the U.K. The smallest unit we used was 
the U.S.A. or Western Europe. 

We would question to some extent the statement in 
the House of Commons. It was interesting that Mr 
Maudling’s indices of industrial growth for the U.K. 
added up very neatly to doubling our standard of living 
in 25 years. At that particular time it was still a useful 
political handle, and Mr Maudling was, I think, grasping 
it. We would disagree with his figures in that we think 
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he was tending to underestimate the rate of industrial 
advance and therefore the energy demand that goes 
with it. 

We put nuclear power in as a factor, but did not 
evaluate it. 

The point about the exploitation of indigenous fuels in 
any country is a very difficult and delicate one, partly 
because the oil industry is obviously an interested party. 
Nonetheless, I think one can examine this question 
perfectly objectively. The U.K. economy, looked at 
from the point of view of economic philosophy, has 
developed on imports and exports, and I think that if we 
try to be autarkic, self-sufficient in any particular line, 
this would be a mistake, although it must be recognized 
that energy is a highly strategic factor in our economy. 
There are very substantial limits, though, to the extent 
to which one can develop indigenous resources. The 
coal industry has had money poured into it since the war, 
and the results have not measured up to the hopes. 
Estimates of the future vary very much. The coal 
industry has one estimate for itself, we probably have 
another, and probably someone else has a third. Past 
failures are, however, perhaps some guide to the future. 
Nuclear power, in its present application, is only going 
to generate electricity. Again, we have to examine 
end use. Can we simply turn to electricity in all the end 
uses for which black oil and petroleum products as a 
whole are now used? I consider the answer is certainly 
no. Secondly, merely to cut down imports and make 
fuel costs rocket upwards is really the worst form of 
economy. AsI mentioned, the U.K. is an importing and 
exporting nation. Unless atomic energy is run on quite 
a high load factor it is going to become quite uneconomic 
and industry will have to pay very much more for its 
energy. Therefore, there is only a certain percentage of 
energy demand that can be met by nuciear energy. 


H. E. Barry: I found the appendix much the most 
interesting part of the paper. I thought that the con- 
cept of an energy intensity index was a most interesting 
one, but was rather puzzled as to how it was to be 
calculated. What was the common unit? Was it 
money value, or was it some other factor? According to 
the footnote, the calculation relates to 1948, and I 
imagine that if one is going to obtain a fairly exact 
valuation, one has to have figures from the Census of 
Production in order to get at the problem. I wonder 
whether the fact that the results of the Census are so 
long delayed is going to affect this concept of using an 
energy intensity index in an up-to-date form? 


D. A. Lindsell: In order to calculate the energy in- 
tensity index, the following information is required. 

For each industry for a given year, the total fuel 
consumption and net output are required. 

In certain industries, such as the fuel industries and 
steel, it is important to take the net fuel consumption, 
making allowances for sales of fuel to other industries. 

For any year, it is relatively simple to determine the 
fuel consumption in an industry in terms of coal equiva- 
lent. The relative outputs of various industries for any 
particular year are more difficult to estimate. For this 
reason, it was decided to use the year 1948, for which a 
census of production existed. 

It is possible to use the increases in output of the 
various sectors for the U.K., since these are all quoted in 
the Monthly Digest of Statistics. For example, the 
relative outputs for the various industries in 1950 could 
be obtained by using the weights determined from the 
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Census of Production in 1948 and the percentage in- 
creases for each sector between 1948 and 1950. 


Steps in the Method 


(1) Determine for each industry a ratio of fuel 
consumption to output (r). The actual unit does 
not matter so long as it is the same for each industry. 

(2) Determine the total fuel consumption for all 
industry and the total output for all industry. 

(3) From the above, determine the fuel to output 
ratio for all industry (R). 

(4) Determine 
energy intensity indices as determined for this paper. 


for each industry. These are the 


This derived index shows how important to each 
industry is its fuel supply. An industry for which the 
index equals 1-0 uses an average amount of fuel relative 
to its output. An industry where the index is 0-5 uses 
only half as much fuel as an average industry, while an 
industry with an index of 2-0 uses twice as much. 


G. V. Davies: I would like to join issue with the authors 
in regard to the importance of nuclear energy. I think 
they have underestimated this because we have been 
told by the UKAEA that in a few years’ time, the 
curves will cross, and the cost of electric power generated 
by nuclear energy will be less than that generated by 
conventional stations. In any case, in all countries 
there is a big base load for which nuclear power stations 
are quite suitable. I think also that there are a number 
of subsidiary factors operating in Europe which are 
not disclosed in the paper, particularly in the OEEC 
countries. Many of these imported coal from Great 
Britain, Germany, Poland, and other European countries, 
supplies which are no longer available to them, either for 
political reasons or because the countries no longer have 
any to export. In consequence, they are importing 
American coal, which is extremely expensive, and it costs 
dollars, which are even more scarce. Thus, they have 
turned over very rapidly to black oil. 

Another factor, too, is that there are so few pipelines 
in Europe that vast quantities of crude oil and finished 
products are being moved by road tanker. I believe 
there is one place where something like 5 million tons of 
oil a year is being moved by road inland from the coast, 
a distance of over 100 miles. All these tankers are 
running on diesel oil, and so are most heavy vehicles in 
Europe to-day. So that the ratio of diesel fuel to petrol 
consumed on the Continent is far greater than in the 
U.S.A., and the number of diesel-driven vehicles seems 
to be increasing every year. In fact, Germany is turning 
over quite rapidly to diesel passenger cars as well. 


G. Chandler: The last thing I wanted to suggest was 
that within a reckonable number of years, atomic energy 
will not become competitive with conventional power 
stations. It is foolish to pretend to oneself that atomic 
energy is not going to play a very substantial part in the 
energy field. 

However, even when there are competitive costs 
between atomic energy and conventional power stations, 
they are competitive for atomic energy only at a high 
load factor. There is a substantial base load in the 
U.K., but it is none the less, under present industrial 
conditions, a limited one. If atomic energy stations are 
built up beyond a certain limit they will get beyond the 
margin of economic operation. 

Atomic energy, as envisaged at the moment, will 
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compete with oil in one only particular outlet, electricity 
generation, which, looked at the world over, is not a 
particularly important one for oil in proportion to total 
petroleum demand or to total black oil demand. 

I quite agree with Mr Davies in regard to U.S. imports 
of coal to Europe. It is obviously a factor which one has 
to take into consideration because it is related very 
closely to substitutability. One has to watch the point 
at which American coal can compete with black oil, which 
is also being brought in as an import. 


G. V. Davies: The effect of the rapid turnover in most 
European countries from petrol-driven vehicles to the 
diesel-driven vehicle, including even diesel-driven pas- 
senger vehicles in Germany and, to a lesser extent, in 
France and Italy, is seldom fully appreciated. 

I believe the position is now so serious that certain 
European countries which would like to increase their 
refining capacity to produce more fuel and diesel oil 
cannot do so because they do not know what to do with 
the petrol produced. 


D. A. Lindsell: This is an interesting and important 
problem in the more technical field of refinery operation, 
linked with the problem of the type of crude which will 
be available. The problem has not yet reached, in non- 
technical terms, the point of no return or of being 
insoluble. 

The real point is illustrated by the difference between 
the U.S.A. and Europe. Whereas, in the U.S.A., there 
is no real fiscal differential between gasoline and diesel in 
favour of diesel, and therefore no artificial stimulus to the 
greater use of diesel engines, there certainly is in Europe. 
Moreover, it is not only a problem in Europe, but it is 
also one in many other parts of the world. 


R. 8. Hopper: Reference has been made to the speech 
that Mr Maudling made in the summer relating to fuel 
requirements: one thing that he said was that he 
estimated the growth of industrial production in the 
U.K. would rise by 3} per cent per annum, and the growth 
of energy demand would rise with it by 2} per cent per 
annum. Simple people like myself have come therefore 
to the conclusion that there is a sort of five-sevenths 
relationship; for every seven points that industrial 
production goes up, energy requirements go up by five 
points. Yet if one looks back to the period from 1952 to 
1956, the growth of British industrial production went 
up, in fact, less than the growth of energy requirements. 
One is inclined to assume that to produce 7 per cent more 
goods one requires 5 per cent more fuel. Because of the 
experiences between 1952 and 1956, there must be other 
factors which cause an increase in the demand for 
energy besides increased productivity. The one which 
comes most readily to mind is the requirement of the 
average person for greater comforts, which include a 
better standard of heat in the home besides the use of 
many electrical domestic appliances. There can also be 
an increased use of energy in the factory which does not 
necessarily affect the rate of production; we are con- 
tinually requiring more energy to take the load off the 
workers’ arms. I would like to ask the authors if they 
could say why they and Mr Maudling tie this energy 
requirement so specifically to industrial production; 
whereas, in fact, it does not appear to have been related 
in the least. 


G. Chandler: I do not think the energy/I.P. association 
is a very exact indicator. If one takes energy in industry 


CHANDLER AND LINDSELL: CYCLICAL FLUCTUATIONS 


or manufacturing industry (if one can separate it out) 
one gets a more realistic picture. 

Mr Hopper mentioned taking the load off the workers’ 
arms, heating homes, ete. There, I think, is the differ- 
entiation. Taking the load off the workers’ arms is a 
direct industrial use; heating the home is a non-industrial 
use which cannot be related to an index of industrial 
production. One can find relationships between energy 
demand and national income, gross national product, 
and very many things, but it is possible to be misled by 
them. There are a lot of factors which are directly 
related, and I would again say that energy/I.P. relation- 
ships are difficult to interpret, and they, of course, vary 
in different countries and different areas. Ideally I 
absolutely agree with the implications of what Mr 
Hopper said—one wants to look at energy in industry 
rather than energy as a whole. In parenthesis I should 
like to add that we think Mr Maudling’s figure of 34 per 
cent a little low. 


H. E. Barry: It may not be generally realized that in 
this concept of energy, the consumption of petrol by 
private cars, of paraffin, of aviation fuel, and of vaporizing 
oil for tractors are all included in the energy equation. 
It is thus not only energy in the form of black oils as such 
which goes into the equation. The consumption of the 
motor car is converted into tons of coal equivalent. If 
one takes the index of industrial production per se, that 
does not give the whole answer. The more money there 
is in people’s pockets, the more demand there is for motor 
cars, for paraffin heaters, and so forth. 


G. Chandler: It is a truism to say that oil is bound up 
with economic development. However, if one looks at 
any index of economic growth of a country, one will find 
oil curiously closely associated with it. It is not a 
nonsensical correlation, although it may be a crude one. 


D. A. Lindsell: We have produced a very simple table 
in Appendix A for the purposes of this paper, but as 
many lines as one likes can be introduced in order to get 
the correct relationships. One can, for example, first of 
all study the relationship of industrial production with 
national income and then merely work all the way 
down the line until one thinks one has really under- 
stood what is fluctuating with what. In the present 
instance we have taken a simple illustration over six 
to seven years. Statistically, the results can be only 
very approximate. It is the idea rather than the results 
which is important in this paper. 


W. A. Russell: It is most interesting to speculate on 
the amount of control the oil industry itself might have 
on this index of production. We have not heard why it 
stands at its present level, nor the effect of the price of 
fuel on it. We have heard how, in America, the increase 
in production has been tremendous, due to the high 
energy consumption per capita stemming from low cost 
fuels. In other parts of the world energy costs are 
mostly fairly high, yet it is understood that the basic cost 
of producing oil is very much lower in the Middle East 
than in America, owing to the comparatively large oil 
pools and few wells needed for production. It would 
thus be interesting to speculate on the future of the 
U.K. oil industry if prices could be reduced, and also to 
see what effect that would have on the index of pro- 
duction. 


G. Chandler: The oil price structure is an expert’s 
field with which I am not qualified to deal. In general, 
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however, oil must clearly be competitive to get into the 
market at all. It has a rapidly growing market, and it 
has competed with other sources of energy to obtain it. 
It has obtained it for many reasons, partly through 
availability, partly through efficiency as a fuel, partly 
through flexibility, and also of course through price. In 
this question of substitutability, price is a very sub- 
stantial factor. To put Mr Russell’s question in a 
different way, if the price of oil is halved to-morrow, will 
sales be doubled? I am sure the answer is “ no.”’ 
These things change slowly. Moreover, we must examine 
where and for what reasons oil is used. The steel 
industry, the metallurgical industries, and ceramics use 
oil because it gives them something which coal cannot 
give them; in power stations, where oil has no special 
advantage other than availability and its higher calorific 
value, it must compete simply on a price basis. It is 
competing directly with coal, and will in the future 
compete with atomic energy. 


D. A. Lindsell: It is rather interesting that we have 
come to this question after the first one, where it was 
more or less suggested that we might be in a position 
where we would have less oil demand because of the need 
to absorb growing indigenous sources of competitive 
fuels. 


W. A. Russell: One of the earlier questioners spoke of 
the surplus of motor spirit. That is obviously a political 
factor, not controlled by the industry, because half the 
price is tax. I presume that in Germany, where diesel fuel 
is also replacing motor spirit, the position is the same as 
in the U.K. Where tax is high the relative popularity 
of the two fuels is controlled by their tax differential. 

The position between black oils and coal might be the 
same. I have no doubt that if the industry was able to 
reduce the price of its black oils to a level lower than 
indigenous coal, the fiscal weapon would be used to 
retain the competitive position of coal. 

However, the implication of the question was as much 
to suggest that in looking at these problems one should 
look ahead and do some crystal gazing, rather than take 
one’s attitude for the future entirely from the past. 
This applies also to the attitude to be taken over nuclear 
energy, because the pattern of energy consumption is 
bound to change as the relative costs of various kinds of 
energy change. Thus, in the nuclear age, electric trains 
will replace steam or diesel and new and more efficient 
batteries may be developed. 

All these features of the future must be considered 
when building up the forward plan. Forecasts may not 
be perfect but will show the trends. They must, of 
course, be revised as the pattern changes. 


G. Chandler: We both agree 100 per cent. We like 
to view the past as an example and then condition it by 
our own reasoned as well as imaginative thinking in 
order to come to reasonable conclusions about the future. 
I have been careful to say that the use of nuclear energy, 
as envisaged now, is in power stations and is therefore 
limited as far as present plans go. However, I am 
absolutely certain we have to think of variations in energy 
use. 


Dr E. B. Evans: As Mr Lindsell has said, nuclear 
energy will in future be competitive with fuel oil in the 
power station field. I believe that it is the declared 
policy of the UKAEA that the rate of installing nuclear 
power shall be equal to that of the increase in the 
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overall energy demand (J. C. Stewart, OEEC Con- 
ference “‘ The Industrial Challenge of Nuclear Energy,” 
April 1957). If this is to be generally so, and bearing in 
mind that power production in Western Europe accounts 
only for 7 or 8 per cent of black oil consumption (Fig 15), 
then nuclear power must make inroads into other sections 
of the market, e.g. into the general industrial field or 
heating. It is also the case that the National Coal 
Board has planned to increase production of coal by 
25-30 million tons per annum within the next ten years, 
although whether such high figures will be realized is 
perhaps another matter. If nuclear power may make 
some inroads into the black oil demand and increased 
coal production may also have an effect, does it not make 
it very difficult to forecast future black oil demands, 
when the technical picture is changing so rapidly? I 
know that the situation is very different in the U.S.A., 
where the economics of nuclear and other forms of power 
generation are very different, but a similar situation to 
that which has been suggested for the U.K. might well 
apply in Western Europe. 


G. Chandler: I had not realized that this was the 
declared objective of the UKAEA—that atomic energy 
should rise commensurately with the increase in energy 
demand. I would certainly have thought that present 
programmes could not meet such an objective and 
that it would anyhow be unrealistic in practical terms. 
Atomic energy is enterifig the market at a time when 
energy demand as a whole is rising at a véry steady 
and substantial level. It will therefore tend to be 
complementary, particularly in its initial stages, to the 
more conventional sources of power. Its effect on black 
oils, or for that matter on coal, will depend on two 
things. 

First, on the actual nuclear generating capacity which 
is constructed; secondly, on the extent to which the 
National Coal Board may be able to fulfil its production 
plans. Any talk of stabilization in this picture is to my 
mind unrealistic. The stabilization of fuel imports was 
discussed in ‘‘ A Target for Euratom,” but the nature of 
growing energy demand and the size of the present atomic 
energy plans in Europe both suggest that talk of such 
stabilization is unrealistic. I feel it a mistake to look at 
these developments in too rigid terms. If energy is 
provided, a demand for it is generated, and there is thus 
a snowballing effect. We may well, in forecasting the 
future of black oil demand, keep our working margins 
comparatively wide, but we certainly expect to see oil as 
a competitive source of energy, and we certainly expect 
it to compete successfully with these other sources of 
supply if given the freedom to do so. 


Dr E. B. Evans: The particular forecast is a rather 
startling prediction, but whether it is practicable or not, 
T do not know. 


G. Chandler: Atomic energy is a young industry and 
an ambitious one. Nevertheless, its plans have to be 
examined realistically. (In parenthesis I should say 
that the UKAEA economists are, in this matter, most 
solid realists.) .The demand for energy is expanding at 
a very considerable rate, and I have no doubt that there 
is room in an expanding market for all sources of energy. 


E. A. E. Nichols-Roth: I would like to ask Mr Chandler 
whether he can expand on his analysis of cyclical fluctua- 
tion in terms of the present world trade recession. 
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G. Chandler: I was careful to say that we are not 
predicting the timing of cyclical fluctuations. The 
evidence is still very short in terms of time to say what 
has happened to the world economy. American in- 
dustrial production has admittedly levelled off, but has 
as yet seen no comparable reflection in Europe. U.S. 
defence spending is admittedly down, as are various 
other economic indicators. At the same time there is a 
celestial economic indicator, the Sputnik, which may have 
considerable influence in changing the picture as seen 
at this moment. There is also immense latent strength 
and astonishing resilience in American economy, as was 
shown in 1953-54. Government expenditure comprises 
a substantial proportion of most national products and 
can clearly wield considerable influence. If I am to 
make a prediction I would say that we shall see an 
upturn in the American economy in the third or fourth 
quarter of 1958, and that before we reach the upturn 
the decline will not have gone very far. 


E. A. E. Nichols-Roth: We have a recession, by any 
standards that I know, and by any standards which 
Mr Chandler mentioned, i.e. restricted government 
spending, tight money, and the tanker market, with 
which I am largely concerned, at an absolute standstill. 
It was mentioned that the production of petroleum pro- 
ducts is still increasing, despite the recession which has 
occurred. I do not quite see how production can be 
increasing at a time when we cannot give tanker space 
away, let alone charter at a profit. I think that the 
scope of refinery operations might increase slightly, but 
without an advance in crude and black oil demand, for 
the moment. 


G. Chandler: I am not an expert in this field, but it 
strikes me that the tanker market is a highly volatile one 
and by no means a sure indicator of the economic situa- 
tion. Nor to my mind is it a very sure reflector of a 
general economic situation. I would agree that there 
are some of the appearances of a recession in the U.S.A. 
(although it is worth remembering that this has so far 
been chiefly confined to the U.S.A.). At the same time, 
however, I do not think we should be quick to assume 
that this is heralding any major decline and, as I have 
already said, this has not gone on sufficiently long for us 
to be able to look at the situation clearly. 


D. A. Lindsell: We should be quite clear on what is 
happening to the petroleum demand in the U.S.A., since 
that country has been given particular mention. It is 
just about bumping along with increase, 7.e. a little 
below or a little above, and as far as production is con- 
cerned, steps are being taken to bring it into line. 


W. A. Russell: Mr Nichols-Roth may have answered 
his own question on recession, as he did mention the 
factor of tight money. In both Britain and America 
there has recently been a definite governmental policy of 
dear money to curb inflation. The implications of such 
a policy may be outside the scope of this discussion, but 
an important effect is a restriction of industrial pro- 
duction. The word “ recession ’? must be taken in this’ 
context, since it is part of a deliberate control policy that 
can be reversed at will by the Government. 


8S. A. Day: May I revert to the question of forward 
estimates? I am not quite clear about the meaning of 
Fig 18. Isit correct to think that the table demonstrates 
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the relationship between the rate of growth of various 
factors such as energy demand, index of production, etc.? 


D. A. Lindsell: The point of the chart is not the rate 
of growth over a period but the rate of variation around 
the trend. One can have a slow growth in one factor and 
a fast growth in another. What we are trying to do is to 
break down the factors contributing to a variation around 
the trend in black oil demand in, for example, the steel 
industry. In the brief example given, on average, each 
time there has been a variation in the production of steel 
this has been half that of total industrial production: 
the demand for all energy fuels in steel making has 
varied in sympathy with the production of steel and the 
demand for black oils has varied twice as much as for 
all energy fuels in steel making. Thus, for the period 
concerned, the demand for black oils has varied in sym- 
pathy with industrial production. 


8. A. Day: Every time production varied once, black 
oils in steel varied once? 


D. A. Lindsell: As a result of weighting each influence. 


8. A. Day: It is the variation around the trend rather 
than the rate of growth over a period? 


D. A. Lindsell: ‘The whole point about what we are 
saying is that we are not really forecasting the rate of 
growth over time of an individual item. We are stating 
that there appears to be a propensity for sympathetic 
variation between industrial production energy consump- 
tion and black oil consumption which, if studied, will 
help us to understand the variations in black oil demand. 


8. A. Day: The point I wanted to make is that this 
project is tied to a particular period of time, when the 
use of black oils in steel production was increasing 
rapidly. I would appreciate some elucidation on how 
you use this weapon for the particular purpose of forward 
estimating from now. 


D. A. Lindsell: We are not using this in forward 
estimating, if by that is meant the trend of growth. 
We would not use this method to forecast how much oil 
will be used in steel making in 1960. We are employing 
it to try to understand how black oil demand varies 
and, given assumptions on variation in industrial pro- 
duction in the future, how we might expect that variation 
to behave. The example given covers only six years, 
and statistically it is open to a large margin of error. 

To make the position quite clear, what we said is that 
if things happen as between 1948 and 1955, 7.e. if we have 
the same sort of economic climate, then we would expect 
the same variation on average in black oil demand in the 
steel industry as in the indicator of economic activity we 
have used, 7.e. industrial production. Is it true to 
expect in the future the same sort of fluctuation as there 
was between 1948 and 1955? There have been two 
interesting sidelights on this already. One is the 
question of growing indigenous energy sources, with the 
allied question of substitution, and the other is the 
relative cost of these sources. When one has made up 
one’s mind on that sort of thing, one can then look at 
the table given and, by making appropriate adjustments 
to the elasticities, see whether the black oil demand might 
or might not be more or less affected by changes in the 
economic climate. The important point is that in looking 
at the future, one has to have the relationships in the 
past set out beforehand. 
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G. Chandler: We feel we should not regard this table 
as sacrosanct; it would undoubtedly need re-calculation 
from time to time. 


C. I. Kelly: Would the authors say what importance is 
to be attached to this knowledge they are seeking? 
What does it mean in effect to the refiner or the salesman, 
to know whether the industry is going to share or not 
share a fluctuation round the trend? 


D. A. Lindsell: I think it is extremely important to 
have at the back of one’s mind some idea as to whether 
we are going to be confronted with a very large segment 
of demand which is going to vary more violently or less 
violently in future with changes in the general economic 
climate. Obviously this also has an effect on the supply 
side of the industry. 
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G. Chandler: Mr Day emphasized that forecasting is 
more imagination than reason. I would like to say that 
it is very much more reason than imagination! 


Dr E. B. Evans: We are very much indebted to Mr 
Chandler and Mr Lindsell for dealing with this extremely 
interesting and difficult subject. Difficult as forecasting 
or estimating quantities of this kind can be, there are 
still unfortunate people in the industry who have to make 
some sort of estimates or guesses as to what is going to 
happen in order to base future operations, and anything 
that can be done to aid them by working out methods of 
approaching this problem contributes a very valuable 
contribution to the industry, and to economic procedure 
in general. 


The meeting closed with a warm vote of thanks to the 
authors. 
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THE LOS BAJOS FAULT AND ITS RELATION TO TRINIDAD’S 
OILFIELD STRUCTURES * 


By C. C. WILSON ¢ (Associate Member) 


SUMMARY 


The Los Bajos fault may be summarized as a right-hand strike-slip displacement in two stages of over eight miles 
which cuts across the Tertiary geosyncline along a tear at 112° azimuth, with an oblique uplift of 1700 ft of the N. 
side in relation to the S. side, and continues obliquely across the SW. corner of the island with undiminished dis- 
placement throughout. The movement took place after the deposition of the main body of Pliocene sediments. 
The tectonic stresses responsible for its formation are believed to have started before the main Andean orogeny 
but must have reached their greatest intensity after the folding movement, and are believed to have reacted in 
a direction nearly parallel to the fault plane. It is suggested that the movement was not related to the thrusting 
movements known to exist in Trinidad. It is possible that in the area of bending of the basement rocks (which 
is the buried extension northwards of the Guayana Shield) between the shallow area under the Orinoco delta and 
the area of great subsidence beneath the geosyncline farther to the N., lines of weakness have developed sub- 


& sequent to the formation of that geosyncline and have had some controlling influence on the direction of the Los 


Bajos fault. 


INTRODUCTION 


THe Los Bajos fault is a major strike-slip feature 
intersecting the oilfields from Point Ligoure on the 
W. coast through Los Bajos, Coora, and Morne Diablo 
to Negra Point on the 8S. coast. The fault has caused 
an eastward displacement amounting to seven miles 
of the N. face in relation to the S. face. It is therefore 
of considerable interest in its effect on oilfield struc- 
tures and the accumulation therein of oil and gas. 

In a previous publication by the author (1940), the 
features of the Los Bajos fault were discussed. Since 
then additional information has been obtained not 
only in support of the strike-slip displacement, but 
also providing a better definition of the true nature 
of the fault. Opportunity is taken of correcting 
certain errors which have appeared in subsequent 
publications in reference to the extent of the fault’s 
displacement. 

When the idea of strike-slip faulting was first 
advanced as the explanation of the fault’s displace- 
ment, practically no drilling had been carried out 
near to the Los Bajos fault. Since then the fault has 
been penetrated by and identified in many wells. 
Structural conditions also are now clearly established 
by the development of oilfields in contact with both 
sides of the fault. In other words, the fault has now 
been mapped in three dimensions and the amount of 
its displacement is known. 


HISTORY OF INVESTIGATION 


At the beginning of 1929 the author was instructed 
to carry out a geological survey in South Trinidad, to 
start at Los Bajos and to proceed eastwards along the 
N. flank of the main Southern Range anticline, which 
at that time had only been examined by reconnais- 


sance surveys. He had access to G. A. Waring’s 
publication (1926) and to geological maps, including 
work by W. J. Reynolds (private communication, 
1920) which probably represents the first recognition 
of the fault’s existence. In addition, he greatly 
benefited by information obtained from geological 
surveys of SW. Trinidad by H. G. Kugler and G. 
Ffoulkes Jones (private communications, 1925). 

The consensus of geological opinion in the period 
between 1920 and 1929 asserted that two anticlinal 
structures existed along a WNW.-ESE. trend which 
is oblique to the main folding system. The western 
representative of these two anticlines is the Point 
Fortin structure, which was believed to be over- 
thrusted to the S. along what was then termed the 
Guapo fault. Farther to the ESE. lies the Los Bajos 
structure on the same trend, but this structure was 
believed to be overthrusted to the N. along a major 
fault forming its N. flank. The two structures were 
believed to be separated by an undisturbed saddle 
exposing Pliocene sediments in the Grande Ravine 
area, and some geologists considered the possibility of 
the existence of a hinge fault to explain the changes 
in direction of apparent throw. 

At that time only shallow drilling had taken place 
in the neighbourhood of the Los Bajos fault. This 
included 93 wells at Point Fortin and Point Ligoure 
on the N. side, 20 wells at Los Bajos on the 8. side, 
one well at Mackenzie which was drilled in 1926 and 
1927 by the Trinidad Petroleum Development Com- 
pany and was at that time the island’s deepest well, 
and two wells in the crestal region of the Southern 
Range anticline 3} miles 8. of the village of Siparia. 
During 1929 a considerable area between Los Bajos 
and Rock Dome was mapped and the conclusion was 
reached during that survey that the displacement of 
the fault could best be described as a horizontal shift 


* MS received 25 October 1957. 
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of the N. face over a distance of several miles in an 
easterly direction in relation to the S. side. It was 
not, however, until after Schlumberger electric logging 
had been introduced on recommendations by G. W. 
Halse and H. G. Kugler, in July 1932, that it was 
possible to form a visual comparison between litho- 
logical conditions in various regions on both sides of 
the fault. 


THE LOS BAJOS FAULT AND ITS 


With the continued expansion of the oilfields during 
a further period of 17 years, it has been found that 
the fault intersects a petroliferous province and that 
extensive migration of oil and gas has resulted from 
this horizontal displacement. These oil accumula- 
tions have naturally attracted much development 
along both sides of the fault, and a corresponding 
amount of information of great value has been, and 
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he The now established principle of horizontal shift or 

. right-hand strike-slip displacement applied to the Los 
=. Bajos fault was conceived by geological mapping 

a alone. Drilling with all the new methods of logging 
s has confirmed and emphasized this interpretation. 

Subsequently, as expansion of the oilfields took 
place, both sides of the fault came under inspection 
by the drill. Remarkable differences in sedimentary 
conditions became apparent in juxtaposition on the 
two fault faces. In addition, strong resemblances 
appeared between certain sections of wells on opposite 
sides of the fault but separated by considerable dis- 
tances along the fault. These similarities on the two 
sides of the fault were found to bear a constant dis- 
placement in the same direction. 


2 


still is being, assembled in respect of the fault move- 
ment. It is seen from the evidence that the displace- 
ment of the Los Bajos fault is now proved conclu- 
sively to be a right-hand strike-slip nearly horizontal 
movement of the N. side amounting to seven miles f 
ESE. in relation to the S. side. ; 


TRACE OF THE FAULT AT THE SURFACE 
The Los Bajos fault is clearly defined on the surface 
at Point Fortin, its westerly manifestation in Trinidad, 
by the contact of estuarine and shallow water La Brea 
sandy beds of Pliocene age on the S. face with the 
comparatively deep water marine Forest and Cruse 
clayey formations of Middle to Lower Miocene age on 
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the N. face. The contrast of sediments on the two 
sides of the fault is emphasized by four features: 


(1) Lateral continuity of sands in the La Brea 
beds as opposed to the extreme lenticularity of 
sands in the Forest and Cruse beds. 

(2) A strong contrast between predominance 
of sands in the La Brea beds and predominance 
of clays in the Forest and Cruse beds. 

(3) The La Brea beds show extremely small 
tectonic disturbance whereas the Forest and 
Cruse beds here show intense crumpling and 
slickensiding. 

(4) A line of many oil seepages occurs along 
the fault outcrop. 


The fault follows an average course of 112° azimuth 
across the SW. corner of the island and can be 
identified over a length of 21 miles on land. It is 
believed also to continue for considérable distances 
out to sea off both shores of the island. The course 
of the fault is not absolutely straight but is slightly 
convex towards the 8., suggesting a rotational move- 
ment of the beds on the N. side. 

Proceeding ESE., the fault separates the large Erin 
basin to the S. from the crestal zone of the Point 
Fortin anticline on the N., and in so doing shows a 
strongly varying apparent downthrow to the S., 
increasing from about 5000 ft at Point Ligoure to 
10,000 ft at Mackenzie and decreasing to zero in the 
Grande Ravine area. Still further to the ESE. the 
throw is reversed. The Siparia basin then appears 
on the N. face, in front of the Los Bajos anticline on 
the S. face, after which the fault climbs the N. flank 
of the Southern Range anticline. Against the deepest 
part of the Siparia basin the fault places Upper Cruse 
shales and sands in contact with Pliocene sands, clays, 
and porcellanites with an apparent downthrow of 
7000 ft, this time to the N. E. of the axis of the 
basin the throw remains continuously at about 7000 ft 
to the N. until the fault intersects the crestal zone of 
the Southern Range anticline. In this area disturb- 
ance of sediments by the fault becomes mingled with 
disturbances due to tectonic uplift which is prevalent 
throughout the Southern Range anticline, particu- 
larly where the less competent beds of Lower Miocene 
age appear at the surface. The trace of the fault 
therefore becomes confused in the crestal area and 
hard to determine. It is suspected that a similar 
difficulty in identification of the trace of the fault may 
be experienced in the marine areas W. of Point Fortin. 
There the southern, seemingly unmoved, counterpart 
of the Fyzabad structure is steeply dipping and faulted 
against the crestal zone of the Point Fortin structure 
and may present a corresponding lack of fault defini- 
tion. In the crestal region of the Southern Range 
anticline, formations exposed consist of Lower Cruse 
and Karamat incompetent clays with zones of 
‘“* Wildflysch ” deposits carrying derived fragments 
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of older, pre-Miocene formations. In addition, large 
areas are covered by recent mud-flow material derived 
from frequent ejections of mud from still active mud 
volcanoes occurring along the axis of the anticline. 
In this crestal region it appears that the fault’s dis- 
placement is spread laterally over a wide zone of 
minor faults measuring about two miles in width in 
which fault drag gives an overall impression of bend- 
ing of the axis instead of major fracture. The total 
displacement may be measured by the movement of 
the anticlinal axis where unaffected by drag or the 
displacement between the nearest points at which it 
maintains its normal trend line. 

Between the crestal region and the island’s 8. 
coast, the dip of beds on both faces is steeply inclined 
towards the S. The point at which the fault passes 
out to sea towards the ESE. is not clearly discernible 
and may be represented by a wide fault system in- 
stead of by a single planed fracture. It may be 
limited eastwards by a point about 2000 ft east of 
Point Negra, where it separates lignitic shallow water 
sediments on the S. face from deeper water deposits 
on the N. face. Other fractures are apparent west- 
wards along the shore for a distance of about two 
miles from Point Negra. Much sedimentary slump- 
ing and suggested deep water deposits render this 
particular area difficult to explain without consider- 
ably more work in the field. 

The region in which most detail relating to the 
fault has been obtained extends between the wells in 
the North Los Bajos field in the W. and wells in the 
S. part of the Morne Diablo field in the E. In this 
area the main fault plane is more clearly defined than 
in any other sector of its course across the island. 
Much of this area has been mapped and a contact has 
been found between extremely well-bedded laterally 
continuous sandy sediments of Upper Miocene and 
Pliocene age, and highly lenticular Middle and Lower 
Miocene sediments comprising Forest, Cruse, and 
Karamat age. A number of outcrops of rocks con- 
taining a heterogeneous accumulation of Lower Ter- 
tiary and Cretaceous fragments, sometimes of con- 
siderable dimensions, have been identified in close 
contact with the fault throughout this region. These 
were previously considered to have been formed by 
mud-flow ejections contemporaneous with the more 
normal sediments in which they are interbedded. 
Now, these beds are interpreted by Kugler (1953) as 
flysch originating from turbidity currents. Upper 
Miocene and Pliocene beds, being estuarine and shallow 
water deposits, nowhere carry “ flysch ’’ sedimenta- 
tion and can easily be distinguished. 


OIL IMPREGNATION OF BEDS IN 
CONTACT AT THE LOS BAJOS FAULT 


Petroleum reservoirs in the oilfields associated with 
the Los Bajos fault (which are Point Fortin, Forest 
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Reserve (Fyzabad), Grande Ravine, Los Bajos, 
Quarry, Coora, and Morne Diablo) are predominantly 
Cruse (Lower Miocene) in age. Forest sands (Middle 
Miocene) carry a more restricted impregnation. 
Forest oil reservoirs are confined more especially to 
the structurally high areas and to the vicinity of 
major fault zones. Younger sands include the 
generally very arenaceous sheet-sand deposits of the 
Morne l’Enfer (Upper Miocene) formation and still 
more arenaceous sediments of La Brea (Pliocene) age. 
As a rule, these beds carry fresh water in large quan- 
tity. Two main exceptions to this rule may be 
cited. First, nearly all porous sediments within two 
miles of the Pitch Lake are saturated with heavy oil. 
Secondly, a general impregnation of Upper Miocene 
and Pliocene sands has taken place where these beds are 
in direct contact with the Los Bajos fault. Laterally 
this impregnation extends to a distance of only 1500 ft 
from the fault. 

As discussed in a paper by Barr, Waite, and Wilson 
(1955), oil is considered by many to be indigenous to 
Cruse sediments and possibly to Forest sediments. 
It is clear therefore that the younger sandy beds of 
Upper Miocene and Pliocene age, in which oil was not 
indigenous, were most likely to have become saturated 
with oil while in the process of moving over a distance 
of seven miles past a series of older oil-bearing beds. 
It is interesting nevertheless to find that Cruse sands 
generally are lenticular in habit and therefore of re- 
stricted volume. However, the sequence of Upper 
Miocene and Pliocene beds within close proximity to 
the fault carries a large number of sheet sands which 
are well impregnated with oil. At the same time, the 
associated lenticular Cruse sands are still frequently 
filled with oil. One is led to suppose that older and 
deeper reservoirs must also have contributed oil and 
gas along the Los Bajos fault to younger reservoirs, 
some of which are not generally oil-bearing. Much 
oil must also have been lost at the surface along the 
fault during its movement. 


MEASUREMENT OF HORIZONTAL 
DISPLACEMENT 


A glance at the geological map gives one the impres- 
sions, first, that two main basins exist en echelon, each 
elongated in the ENE. direction of the late Andean 
trend, and secondly, that the fault occurs along a 
line of disturbance separating those two basins. The 
continuity of the line of fracture, regardless of its 
amount and direction of throw, gave the first indica- 
tion that the displacement was not a normal vertical 
throw. It then occurred to the author that possibly 
the two basins might once have been the same basin 
which was originally bounded by the same Southern 
Range structure without interruption. This paper 
attempts to assemble all the evidence so far obtained, 
and it is considered that horizontal movement is now 


THE LOS BAJOS FAULT AND ITS 


proved conclusively. The structure is somewhat com- 
plicated by the westward plunging Los Bajos anticline, 
which appears against the S. face where the fault is in 
contact with the Siparia syncline. The Point Fortin 
anticline is also a structure which occurs parallel to 
the fault. Previously it was suggested (1940) that 
the fault displacement may have been caused by a 
component, normal to the fault, of tectonic stresses 
acting from the NNW. which still existed in the final 
phase of the Andean episode of folding. However, 
as explained later in this paper, it now appears that 
movement along the fault was due to a tectonic 
adjustment which took place even later than the 
main Andean orogeny. It also appears that these 
two anticlines existed before the fault was initiated. 
If, as we now find, the fault has not been developed by 
compressive stresses and instead shows characteristic 
tension faults, then the Point Fortin and Los Bajos 
anticlines were not formed by the fault. They must 
have existed previously and formed a line of weakness 
which may have influenced in some measure the posi- 
tion in which the fault zone was developed. Pre- 
sumably they presented a line of weakness oriented 
in a critical direction with relation to the latest devel- 
opment of stress. Measurement of the displacement 
of the main structural elements, ignoring minor 
compressional and drag features adjacent to the fault, 
demonstrates a very considerable movement. For 
example, the axis of the Siparia basin extended to the 
fault lies at more than 31,000 ft ESE. of the point at 
which the axis of the Erin basin intersects the fault. 

Four lines of investigation have been pursued with 
a view to measuring the amount of horizontal dis- 
placement: 


(1) A correlation of lithological facies changes 
on the two sides of the fault. 

(2) Correlation across the fault of variation in 
thickness of measurable stratigraphical units. 

(3) Similarity of electric logs of individual 
wells on opposite sides of the fault. 

(4) Lateral shift of main structural axes where 
unaffected by drag. 


(1) Change of Facies during Morne l’ Enfer Sedimenta- 
tion 

Throughout a very large part of the areas of the two 
basins, La Brea (Pliocene) beds and Morne |’Enfer 
(Upper Miocene) beds attain thicknesses up to a 
maximum combined thickness of 7800 ft. They 
consist of a deltaic and shallow water marine series of 
many laterally continuous sands interbedded with 
thin slits and lignites. Correlation of zones in this 
sequence is infinitely easier than correlation of 
reservoirs and marker zones in the underlying Forest 
and Cruse formations, and can be made easily by 
comparison of electric logs of wells separated even 
by considerable distances. Cut-out or duplication by 
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faulting, as well as variations in dip, can be easily 
detected in some areas by these logs. It is also easy 
to observe facies changes by this means and the posi- 
tion of such changes on opposite sides of the fault at 
once shows the amount of displacement by the 
fault and proves that the main movement of the 
fault is younger than the deposition of these particular 
beds. An extremely sharp facies change eastward 
from sandy to silty sediments occurs S. of the fault 
along a N.-S. line in Palo Seco and N. of the fault by 
a similar N.-S. line in the area E. of the Morne 
Diablo field. A maximum displacement of 44,000 ft 
is estimated by this means and was reported in the 
previous publication. Recent drilling in N. Palo Seco 
has since established the line of demarcation still more 
clearly between the sandy and clayey facies on the 
S. side of the fault. Detailed work has been carried 
out by Favre (private communication, 1955) in 
correlation of wells drilled between the Fyzabad and 
Penal fields, and he has found an abrupt lateral 
change eastwards from sand to clay in Morne |’Enfer 
beds on the N. side of the fault. Correlation is 
maintained across this facies change by certain thin 
sands which persist eastwards. This work has 
clarified a serious disagreement in correlation of beds 
mapped at the surface by geologists who have ap- 
proached the change in facies from opposite directions. 
The change is apparently due to a rapid increase 
eastwards in depth of water during sedimentation 
with the development of a facies carrying a deeper 
water foraminiferal fauna similar to that of the under- 
lying Forest formation. Unfortunately this facies 
change has been eroded to the S., leaving a gap of 
about a mile between the fault on its N. side and the 
Morne I’Enfer outcrop. The change is clearly repre- 
sented in the Siparia basin farther to the N. over a 
distance of at least three miles. Without actual con- 
tact of this facies change with the fault, it is not 
possible to make a direct measurement of displace- 
ment, but it is clear that a movement of at least 
37,000 ft took place. 


(2) Comparison of Thickness Variations between Key 
Markers in Lower Morne V’ Enfer Formation on the 
Two Sides of the Fault 


An isopachyte map has been prepared to show the 
interval between the base of the Lot 7 silt and the base 
of the Coora silt in the Lower Morne l’Enfer formation. 
These two zones are used because they are most wide- 
spread in extent and are clearly identified throughout 
a considerable area. Strong variations in the thick- 
ness of this interval are displayed in well sections; 
the isopachyte map conveniently shows these varia- 
tions and their comparison on the two sides of the 
fault. Similar variations in thickness take place 
proportionately throughout the Morne Il’Enfer se- 
quence, but markers are less well known in the upper 
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sections, and changes in thickness are therefore more 
difficult to map with certainty. 

A remarkably rapid thickening of this interval from 
NW. to SE. occurs down the S. flank of the Fyzabad 
anticline near to the N. face of the fault and is termin- 
ated at the contact of this interval with the Skinner 
fault. This is a normal fault which runs northwards 
from the Los Bajos fault at about two miles E. of the 
village of Los Bajos. The maximum displacement 
of the Skinner fault is a 2400-ft downthrow to the W. 
at its contact with the Los Bajos fault. It completely 
vanishes northwards in a distance of about two and 
a half miles. The thickness of Lower Morne l’Enfer 
beds W. of the fault is 1300 ft, while immediately 
across the fault to the E. it is only 900 ft. A similar 
degree of thickening also persists in all younger 
Morne I’Enfer beds on the W. side of the Skinner 
fault. 

Assuming that the Los Bajos fault caused a hori- 
zontal movement of beds on its N. side by seven or 
eight miles eastward, then it may be inferred that a 
similar thickening of Lower Morne l’Enfer beds and a 
similar normal fault must occur 8. of the Los Bajos 
fault at a corresponding distance westwards from the 
Skinner fault. A seismic reflection survey has been 
carried out over this particular area, and an abundance 
of reflected dips were recorded by this survey. Al- 
though no fracture zone was identified, the dips 
recorded continuously throughout the area are much 
too gentle to provide an unbroken correlation of 
Morne |’Enfer beds between NW. Palo Seco and 
Mackenzie. In fact, the discrepancy revealed by these 
dips amounts to a normal throw comparable with that 
of the Skinner fault. It is hoped that this additional 
link in the evidence will be confirmed in the fairly 
near future by the drilling of wells near to the fault 
on its 8. side. 

H. H. Suter (1951, p. 63) and quoted by E. Rod 
(1956, p. 474), refers to a movement of two miles at 
the axis of the Erin syncline and considers that this 
movement diminishes gradually towards the E. 
W. H. Bucher (1952, p. 86) describes the fault as 
running SSE. from Point Ligoure. This should read 
ESE. He mentions that the fault displaces certain 
tectonic features southeastward relatively by about 
three miles. Evidence now shows that this shift 
measures seven miles. No definite evidence exists 
that the movement diminishes to the E. 

Bucher also considers that the fault seems to exist 
only above the thrust plane. Later evidence does 
not confirm this statement. Suter also mentions the 
Skinner fault and the Santa Flora fault as being 
‘important adventive faults which resulted from the 
change of dip of the Los Bajos fault.” In the author’s 
previous publication was mentioned the fact that the 
Santa Flora fault may have been caused by a local 
increase in tension induced along the 8. face by dif- 
ferential pressure due to a bulge northwards of the 
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Reserve (Fyzabad), Grande Ravine, Los Bajos, 
Quarry, Coora, and Morne Diablo) are predominantly 
Cruse (Lower Miocene) in age. Forest sands (Middle 
Miocene) carry a more restricted impregnation. 
Forest oil reservoirs are confined more especially to 
the structurally high areas and to the vicinity of 
major fault zones. Younger sands include the 
generally very arenaceous sheet-sand deposits of the 
Morne |’Enfer (Upper Miocene) formation and still 
more arenaceous sediments of La Brea (Pliocene) age. 
As a rule, these beds carry fresh water in large quan- 
tity. Two main exceptions to this rule may be 
cited. First, nearly all porous sediments within two 
miles of the Pitch Lake are saturated with heavy oil. 
Secondly, a general impregnation of Upper Miocene 
and Pliocene sands has taken place where these beds are 
in direct contact with the Los Bajos fault. Laterally 
this impregnation extends to a distance of only 1500 ft 
from the fault. 

As discussed in a paper by Barr, Waite, and Wilson 
(1955), oil is considered by many to be indigenous to 
Cruse sediments and possibly to Forest sediments. 
It is clear therefore that the younger sandy beds of 
Upper Miocene and Pliocene age, in which oil was not 
indigenous, were most likely to have become saturated 
with oil while in the process of moving over a distance 
of seven miles past a series of older oil-bearing beds. 
It is interesting nevertheless to find that Cruse sands 
generally are lenticular in habit and therefore of re- 
stricted volume. However, the sequence of Upper 
Miocene and Pliocene beds within close proximity to 
the fault carries a large number of sheet sands which 
are well impregnated with oil. At the same time, the 
associated lenticular Cruse sands are still frequently 
filled with oil. One is led to suppose that older and 
deeper reservoirs must also have contributed oil and 
gas along the Los Bajos fault to younger reservoirs, 
some of which are not generally oil-bearing. Much 
oil must also have been lost at the surface along the 
fault during its movement. 


MEASUREMENT OF HORIZONTAL 
DISPLACEMENT 


A glance at the geological map gives one the impres- 
sions, first, that two main basins exist en echelon, each 
elongated in the ENE. direction of the late Andean 
trend, and secondly, that the fault occurs along a 
line of disturbance separating those two basins. The 
continuity of the line of fracture, regardless of its 
amount and direction of throw, gave the first indica- 
tion that the displacement was not a normal vertical 
throw. It then occurred to the author that possibly 
the two basins might once have been the same basin 
which was originally bounded by the same Southern 
Range structure without interruption. This paper 
attempts to assemble all the evidence so far obtained, 
and it is considered that horizontal movement is now 


proved conclusively. The structure is somewhat com- 
plicated by the westward plunging Los Bajos anticline, 
which appears against the 8S. face where the fault is in 
contact with the Siparia syncline. The Point Fortin 
anticline is also a structure which occurs parallel to 
the fault. Previously it was suggested (1940) that 
the fault displacement may have been caused by a 
component, normal to the fault, of tectonic stresses 
acting from the NNW. which still existed in the final 
phase of the Andean episode of folding. However, 
as explained later in this paper, it now appears that 
movement along the fault was due to a tectonic 
adjustment which took place even later than the 
main Andean orogeny. It also appears that these 
two anticlines existed before the fault was initiated. 
If, as we now find, the fault has not been developed by 
compressive stresses and instead shows characteristic 
tension faults, then the Point Fortin and Los Bajos 
anticlines were not formed by the fault. They must 
have existed previously and formed a line of weakness 
which may have influenced in some measure the posi- 
tion in which the fault zone was developed. Pre- 
sumably they presented a line of weakness oriented 
in a critical direction with relation to the latest devel- 
opment of stress. Measurement of the displacement 
of the main structural elements, ignoring minor 
compressional and drag features adjacent to the fault, 
demonstrates a very considerable movement. For 
example, the axis of the Siparia basin extended to the 
fault lies at more than 31,000 ft ESE. of the point at 
which the axis of the Erin basin intersects the fault. 

Four lines of investigation have been pursued with 
a view to measuring the amount of horizontal dis- 
placement: 


(1) A correlation of lithological facies changes 
on the two sides of the fault. 

(2) Correlation across the fault of variation in 
thickness of measurable stratigraphical units. 

(3) Similarity of electric logs of individual 
wells on opposite sides of the fault. 

(4) Lateral shift of main structural axes where 
unaffected by drag. 


(1) Change of Facies during Morne lV’ Enfer Sedimenta- 
tion 

Throughout a very large part of the areas of the two 
basins, La Brea (Pliocene) beds and Morne |’Enfer 
(Upper Miocene) beds attain thicknesses up to a 
maximum combined thickness of 7800 ft. They 
consist of a deltaic and shallow water marine series of 
many laterally continuous sands interbedded with 
thin slits and lignites. Correlation of zones in this 
sequence is infinitely easier than correlation of 
reservoirs and marker zones in the underlying Forest 
and Cruse formations, and can be made easily by 
comparison of electric logs of wells separated even 
by considerable distances. Cut-out or duplication by 
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faulting, as well as variations in dip, can be easily 
detected in some areas by these logs. It is also easy 
to observe facies changes by this means and the posi- 
tion of such changes on opposite sides of the fault at 
once shows the amount of displacement by the 
fault and proves that the main movement of the 
fault is younger than the deposition of these particular 
beds. An extremely sharp facies change eastward 
from sandy to silty sediments occurs S. of the fault 
along a N.-S. line in Palo Seco and N. of the fault by 
a similar N.-S. line in the area E. of the Morne 
Diablo field. A maximum displacement of 44,000 ft 
is estimated by this means and was reported in the 
previous publication. Recent drilling in N. Palo Seco 
has since established the line of demarcation still more 
clearly between the sandy and clayey facies on the 
S. side of the fault. Detailed work has been carried 
out by Favre (private communication, 1955) in 
correlation of wells drilled between the Fyzabad and 
Penal fields, and he has found an abrupt lateral 
change eastwards from sand to clay in Morne ]’Enfer 
beds on the N. side of the fault. Correlation is 
maintained across this facies change by certain thin 
sands which persist eastwards. This work has 
clarified a serious disagreement in correlation of beds 
mapped at the surface by geologists who have ap- 
proached the change in facies from opposite directions. 
The change is apparently due to a rapid increase 
eastwards in depth of water during sedimentation 
with the development of a facies carrying a deeper 
water foraminiferal fauna similar to that of the under- 
lying Forest formation. Unfortunately this facies 
change has been eroded to the S., leaving a gap of 
about a mile between the fault on its N. side and the 
Morne l’Enfer outcrop. The change is clearly repre- 
sented in the Siparia basin farther to the N. over a 
distance of at least three miles. Without actual con- 
tact of this facies change with the fault, it is not 
possible to make a direct measurement of displace- 
ment, but it is clear that a movement of at least 
37,000 ft took place. 


(2) Comparison of Thickness Variations between Key 
Markers in Lower Morne l’Enfer Formation on the 
Two Sides of the Fault 


An isopachyte map has been prepared to show the 
interval between the base of the Lot 7 silt and the base 
of the Coora silt in the Lower Morne |’Enfer formation. 
These two zones are used because they are most wide- 
spread in extent and are clearly identified throughout 
a considerable area. Strong variations in the thick- 
ness of this interval are displayed in well sections; 
the isopachyte map conveniently shows these varia- 
tions and their comparison on the two sides of the 
fault. Similar variations in thickness take place 
proportionately throughout the Morne I’Enfer se- 
quence, but markers are less well known in the upper 
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sections, and changes in thickness are therefore more 
difficult to map with certainty. 

A remarkably rapid thickening of this interval from 
NW. to SE. occurs down the 8. flank of the Fyzabad 
anticline near to the N. face of the fault and is termin- 
ated at the contact of this interval with the Skinner 
fault. This is a normal fault which runs northwards 
from the Los Bajos fault at about two miles E. of the 
village of Los Bajos. The maximum displacement 
of the Skinner fault is a 2400-ft downthrow to the W. 
at its contact with the Los Bajos fault. It completely 
vanishes northwards in a distance of about two and 
a half miles. The thickness of Lower Morne l’Enfer 
beds W. of the fault is 1300 ft, while immediately 
across the fault to the E. it is only 900 ft. A similar 
degree of thickening also persists in all younger 
Morne l’Enfer beds on the W. side of the Skinner 
fault. 

Assuming that the Los Bajos fault caused a hori- 
zontal movement of beds on its N. side by seven or 
eight miles eastward, then it may be inferred that a 
similar thickening of Lower Morne !’Enfer beds and a 
similar normal fault must occur S. of the Los Bajos 
fault at a corresponding distance westwards from the 
Skinner fault. A seismic reflection survey has been 
carried out over this particular area, and an abundance 
of reflected dips were recorded by this survey. Al- 
though no fracture zone was identified, the dips 
recorded continuously throughout the area are much 
too gentle to provide an unbroken correlation of 
Morne l’Enfer beds between NW. Palo Seco and 
Mackenzie. In fact, the discrepancy revealed by these 
dips amounts to a normal throw comparable with that 
of the Skinner fault. It is hoped that this additional 
link in the evidence will be confirmed in the fairly 
near future by the drilling of wells near to the fault 
on its 8. side. 

H. H. Suter (1951, p. 63) and quoted by E. Rod 
(1956, p. 474), refers to a movement of two miles at 
the axis of the Erin syncline and considers that this 
movement diminishes gradually towards the E. 
W. H. Bucher (1952, p. 86) describes the fault as 
running SSE. from Point Ligoure. This should read 

SSE. He mentions that the fault displaces certain 

tectonic features southeastward relatively by about 
three miles. Evidence now shows that this shift 
measures seven miles. No definite evidence exists 
that the movement diminishes to the E. 

Bucher also considers that the fault seems to exist 
only above the thrust plane. Later evidence does 
not confirm this statement. Suter also mentions the 
Skinner fault and the Santa Flora fault as being 
“ important adventive faults which resulted from the 
change of dip of the Los Bajos fault.” In the author’s 
previous publication was mentioned the fact that the 
Santa Flora fault may have been caused by a local 
increase in tension induced along the S. face by dif- 
ferential pressure due to a bulge northwards of the 
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Los Bajos fault. At that time the Skinner fault had 
not been discovered. It is now clear that the abrupt 
difference in thickness of Lower Morne l’Enfer beds 
on the sides of the Skinner fault means that the 
Skinner fault developed during the deposition of the 
Lower Morne |’Enfer formation and not after these 
beds had been laid down. It appears now that the 
Skinner fault was caused by an increased local sub- 
sidence within the Siparia basin and may have been 
due to differential compaction of clays and sands in 
incompetent Forest—Cruse beds below, and occurred 
long before the Los Bajos fault took place. 

The abrupt development locally of sands in Lower 
Morne l’Enfer beds at their southern outcrop against 
the E. face of the Santa Flora fault, in a region where 
these beds are generally argillaceous, suggests a similar 
local subsidence to that suggested in the case of the 
Skinner fault. 

Similarities in thickness of the Lower Morne I’Enfer 
formation are shown on the N. edges of the two basins. 
With this similarity it is possible to match the 8. flank 
of the Point Ligoure structure with the S. flank of the 
Forest Reserve anticline. Similarity is now also being 
obtained between sand distribution and thickness be- 
tween NW. Palo Seco, Grande Ravine, and 8. Coora 
fields. The balance of the evidence favours the idea 
that the two basins once formed a single sedimentary 
unit. 


(3) Similarity of Electric Well Logs on Opposite Sides 
of the Fault 

A remarkable resemblance between electric logs of 
wells seven miles apart and separated by the fault has 
been found. For example, a well in Point Fortin 
Central and a well in E. Los Bajos may be cited. In 
these two wells sand distribution and individual 
lignite layers are identical. Even the oil and gas 
distribution shows a selective impregnation of sands 
which correlates exactly. The present distance be- 
tween these wells is 37,000 ft. This phenomenon is 
repeated between a well at Point Ligoure and a well 
at W. Forest Reserve with a similar amount of dis- 
placement. Similarity of logs is also demonstrated 
between NW. Palo Seco and Coora. 


(4) Lateral Shift of the Main Structural Axes by the 
Fault where Unaffected by Fault Drag 


(a) Displacement of the axis of the Southern Range 
anticline at outcrop suggests more a warping by drag 
than by a single major fracture. This displacement 
may instead have been distributed along many small 
faults. The resultant effect nevertheless is the same, 
and a measurement of the displacement of the axis of 
the Southern Range anticline may be measured by 
projection towards the fault of the two separated 
structural lines where they lie parallel to the Main 
Andean trend. By this means it is calculated that 
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the displacement is 32,000 ft. A similar warping of 
trend is suggested without actual fracture by the 
change, and a WNW.-ESE. strike between the 
Moruga Hills and the Trinity Hills. 

(6) Displacement measured by the shift of the two 
components of the Forest Reserve-Fyzabad anticline 
is complicated by the fact that its southern component 
lies under the Gulf of Paria to the W. of Point Fortin. 
The total displacement of this structure is, however, 
more than 32,000 ft. 

(c) The most rigid structure which has suffered dis- 
placement is the Erin-Siparia syncline. The shift of 
the axis of this structure amounts to 32,000 ft. 


MEASUREMENT OF VERTICAL 
DISPLACEMENT 


The deepest region of the Siparia basin may be 
compared by markers in the Morne |’Enfer sheet sand 
series with their equivalents in the deepest region in 
the Erin basin near to the Los Bajos fault. The 
Siparia basin is found by this measurement to be 1700 
ft shallower than the Erin basin. This indicates 
clearly that during the horizontal movement of seven 
miles towards the E., beds on the N. side were also 
elevated by 1700 ft. 


FEATURES OF INTEREST SEEN IN 
ASSOCIATION WITH THE FAULT 


(1) Direction of Movement of the Los Bajos Fault 


The fault was described as a displacement of beds 
eastwards on the N. side. It could also be described 
as a displacement of beds westward on the S. side. 
This should be judged by which side is the most stable 
tectonically. The Guayana Shield outcrops along the 
S. bank of the Orinoco River and extends northwards 


over a wide area towards Trinidad, sloping gradually © 


under the Orinoco delta and Llanos plains of Vene- 
zuela, deepening first gradually, then sharply (near 
S. Trinidad) under the Tertiary geosyncline. Less 
stable tectonic conditions occur to the N. of the fault, 
where sediments approach the Andean folding of the 
Northern Range. It is therefore considered that the 
Guayana Shield, which has remained relatively un- 
moved since the beginning of sedimentation, presents 
the more stable of the two fault blocks. It is thus 
assumed that the S. side of the fault has stood firm 
while the N. side has broken off and moved towards 
the ESE. 


(2) Disturbances of Beds at Outcrop of Fault Zone 


In the region between the eastern Los Bajos field 
and the Morne Diablo field, five miles farther to the 
E., an area of steep dips (mostly vertical and over- 
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turned) exists as a strip 2000 to 3000 ft wide extending 
to roughly equal distances on each side of the fault. 
In the early days of the development of the Coora and 
Quarry fields it was feared that all beds underlying 
this disturbed zone would be crushed and broken to 
such an extent that, commercially, productive reser- 
voirs could not exist therein. However, drilling 
extended successfully as far as the edge of the dis- 
turbance and was ultimately tested even within the 
area with equally successful results. It was found 
that the disturbed zone narrows quickly with depth, 
and the fault under effective cover becomes reduced 
nearly to a single plane. Disturbed dips in the areas 
where competent beds with substantial thickness are 
in contact with the fault are mainly superficial. 
Section 4 demonstrates this effect and shows how 
extremely limited is the steepening of dip. 


(3) Tension Features as Opposed to Compression 

Section 4 also demonstrates clearly that the area 
here, instead of being under compression, has been in 
a state of tension and collapse. 

A similar phenomenon also occurred on the 8. face 
of the fault between the Point Fortin structure and 
the Erin basin, although the attitude of apparent 
throw is completely reversed. 

Between these two regions, i.e. towards the 
apparent saddle near Grande Ravine, disturbance of 
outcropping beds is extremely restricted. This does 
not mean that the moved formations here are covered 
and concealed by moving sediments. It appears from 
well sections that the fault has displaced even the 
outcropping formations. Lack of disturbance may 
be explained by the fact that a considerable thickness 
of competent beds is here in contact on the two sides 
of the fault. 

W. of the saddle incompetent formations reappear 
at the surface, but this time on the N. face of the 
fault, whereas the most competent unit of any part 
of the region occupies the 8S. face. As previously 
mentioned, the direction of throw is reversed and 
tension fault features appear in this competent unit. 

It is characteristic therefore that the fault plane 
always dips towards the apparently upthrown side. 
The upthrown side thus appears to be overthrusted 
and therefore to be a compression feature. This, 
however, is not the case, because the competent face 
in each case shows normal tension faulting. 

Consider for a moment the initial stages of the 
fault movement. It would be most unlikely that a 
crack across country would form as a straight line. 
It is likely that it would be extremely jagged or 
sinuous. However, during movement over consider- 
able distances the irregularities would be subjected 
to greatest sheer and faults approximately parallel 
to the main direction of displacement would develop 
across these irregularities so that the fault would 
become a complex sheet zone with local regions of 
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compression and tension dependent on which side of 
a major irregularity these regions occurred. 

At the time of the author’s previous publication in 
1940, well evidence in immediate contact with the 
fault was scarce and these tension features were not 
appreciated. The thrusted appearance all along the 
fault was therefore responsible for the view that the 
Los Bajos fault was formed under compression and 
was thrusted by a component of tectonic stresses still 
acting from the NNW. during later Pliocene time. 


(4) Deep-seated Movement as Opposed to Low Angle 
Thrusting 


The stresses which were responsible for the dis- 
placement may therefore have belonged to a move- 
ment later than the main Andean orogeny and acted 
more nearly parallel to the plane of the fault. The 
fault has cut completely across a competent basin of 
considerable size, as well as across the flanking anti- 
clines in an area where the geosyncline has attained 
its greatest development and where the Tertiary 
sequence has attained a thickness of at least 18,000 ft. 
It is considered therefore that the fault may be deep- 
seated, cutting across country as it does without 
regard for competence of formations and structures 
exposed at the surface. It was suggested by Bucher, 
Kugler, and Suter that the fault rises to the SE. and 
becomes a low-angle thrust whereby stresses are com- 
pletely released at the surface. The thrust fault 
therefore which has been identified as forming a strong 
feature in the S. flank of the Southern Range anticline 
at Rock Dome has been suspected as having taken up 
a large part of the Los Bajos fault movement. 

The objections to this hypothesis are: (a) the 
throw of the thrust is only about 13,000 ft, whereas 
the Los Bajos fault resulted in a displacement of at 
least 35,000 ft; (6) there appears to be considerable 
evidence that the Rock Dome thrust took place early 
in the Miocene and terminated at the end of Karamat 
time. The main movement of this thrust is over- 
lapped by Cruse beds exposed on both plunging noses 
of the anticline. The 35,000-ft displacement of the 
Los Bajos fault, on the other hand, has been measured 
in youngest Miocene beds and is believed to have 
taken place much later still; (c) it is believed that a 
major thrust has displaced pre-Miocene sediments 8. 
of the fault by a corresponding amount to that on 
the N. Evidence of such thrusting S. of the fault is 
suggested by the excessive Cruse thickness found to 
exist in Erin Well No. 3 and may be a characteristic 
feature of the Southern Range anticline. 

H. G. Kugler mentioned that a NNW.-SSW. trend, 
oblique to the main trend, can be seen in a number 
of locations in Central and S. Trinidad. This trend 
is developed as a number of assymetrical folds affect- 
ing Miocene beds, carrying their steeper thrusted 
flanks inclined to the E. This trend is at right angles 
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to the fault movement and possibly suggests a frontal 
wrinkling of the moving unit where it may be rising 
on an eastward shallowing basement. 


(5) Horizontal Slickensiding in Fracture Associated 
with the Fault 


Higgins has shown in Southern Morne Diablo an 
excellent exposure of a fault carrying the characteristic 
strike of the Los Bajos movement. Strongly slicken- 
sided dark grey shales on the S. face lie in faulted 
contact with well-bedded grey oil-stained sands 
occasionally interbedded with light grey and brownish 
silty clay partings on the N. face. Clear evidence of 
horizontal slickensiding may be seen, especially within 
the main plane of faulting. Other small planes of 
displacement are exposed in this section N. of the 
main fault plane, and adjustment faulting can also be 
identified. This main fault does not necessarily carry 
the entire displacement of the Los Bajos fault; it 
probably forms an edge of a moved segment of which 
there must be a very large number throughout the 
length and breadth of the Los Bajos fault. As 
mentioned previously, faults probably developed 
parallel to the movement at the base of irregularities 
in the original trace of the fault, and when movement 
became established, a series of lozenge-shaped blocks, 
elongated in the direction of movement, were devel- 
oped and these, with the development of slickensided 
polished surfaces, formed a lubricant between the 
limits of the fault zone. 

Striations on the surfaces of these blocks would lie 
parallel to the direction of movement and be nearly 
horizontal. Other evidence of horizontal slicken- 
siding was given by the late A. G. Hutchison with a 
core sample of Cruse Clay from a well within the fault 
zone. Nearly horizontal striations were found also 
near the outcrop of the fault at Point Ligoure. 


(6) Lubrication 

Oil migrating along the fault zone will naturally 
assist in the lubrication of the moving parts within 
the fault zone and will also concentrate in areas of 
tension where open fractures may be preserved. An 
excellent example of oil impregnation in association 
with slickensided clays within the fault zone has 
recently been excavated in the South Coora field. 
Here blocks of coarse Herrera grit, rounded pebbles of 
Naparima Hill formation, and fragments of marly clay 
interspersed with oil-sand blocks are squeezed into a 
lubricated mass easy to move by the fault. 


(7) Flysch Deposits 

These deposits are generally found here as ungraded 
gritty clays which carry fragments of Cretaceous and 
Lower Tertiary formations. They occur at a number 
of horizons in Lower and Middle Miocene (Cruse and 
Forest beds) and are most abundant at the base of the 
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Miocene. Previously they were considered to-have 
been ejected, and sometimes even injected as mud 
flow by mud volcanoes contemporaneously with the 
deposition of the associated beds. A number of such 
formations have been mapped in close contact with 
the fault. These deposits are some of the least com- 
petent formations in the Trinidad sequence and may 
form plastic material within the fault plane. 


COMPARISON OF LOS BAJOS FAULT 
WITH THE STRIKE-SLIP FAULT SYSTEM 
OF CALIFORNIA 


Similar but far grander and more extensive features 
are displayed in California by horizontal movements 
during Miocene to Recent time along the San Andreas, 
San Gabriel, and other related faults. These faults 
have moved sediments to distances totalling five or 
six times the amount measured along the Los Bajos 
fault. At the same time there is no indication of 
change over into low angle thrusts. B. W. and R. 
Willis (1928) state that in California shearing has been 
repeatedly renewed ever since Cretaceous time. They 
state that a force directed from the SSW. impinging 
on the continent at an angle of 45° would produce a 
rotational stress in a horizontal plane. J. C. Crowell 
(1952), dealing with the San Gabriel fault, describes 
extensive lateral displacement under conditions similar 
to those associated with the Los Bajos fault. He 
describes a displacement of outcropping basement 
rocks amounting to more than 15 miles. 


EVIDENCE OF RELATIVE HORIZONTAL 
MOVEMENT IN AREAS NOT CONNECTED 
WITH THE LOS BAJOS FAULT 


(1) Abundant low-angle slickensiding at a wide 
variety of localities has been observed in cores, 
especially those taken in the more competent beds of 
Cretaceous age. It would seem therefore that hori- 
zontal movement is not confined to the displacement 
by the Los Bajos fault, but rather that the region of 
at least the S. half of the island has suffered a general 
torsion. 

(2) A considerable number of examples of slicken- 
siding along the bedding-planes has also been observed. 

(3) A fairly large-scale warping of structures is 
visible and appears to be especially associated with the 
Southern Range anticline. In this warping it appears 
that a horizontal displacement has taken place with- 
out seriously breaking the main structures. Two 
examples of this phenomenon may be cited: (a) the 
change of direction from E.-W. to ESE.-WNW. and 
back to ENE.-WSW. between Cedros and Palo Seco 
both on the axis of the Erin basin as well as on the line 
of mud volcanoes which is believed to mark roughly 
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the crestal zone of the Southern Range anticline; (b) 
the change of strike direction from ENE.-WSW. in 
the Moruga structure, to ESE~WNW. along the 
Canari River, and returning to ENE.-WSW. in the 
Goudron Guayaguayare structure. 

It is still uncertain whether or not these changes in 
strike are due to variations in horizontal movement, 
or whether they are entirely due to buried variations 
in structure or lithology. However, they have 
acquired their existing form later than the main 
Andean folding and must be due to tectonic stresses 
prevailing during the development of the Los Bajos 
fault. 


AGE OF THE LOS BAJOS MOVEMENT 


A. G. Hutchison and P. Leicester, in their examina- 
tion of the region surrounding the Los Bajos anticline 
and its contact with the Los Bajos fault, considered 
that movement started early in the Miocene and pro- 
ceeded in stages until late Pliocene. The observa- 
tions here mainly concern beds which show lateral 
continuity and in which measurements of displace- 
ment can be made with accuracy. These beds are 
Morne |’Enfer in age (and younger) and belong to the 
Upper Miocene and Pliocene respectively. These 
beds alone have been moved a distance of at least 
37,000 ft. If the fault started early in the Miocene 
time, i.e. before Morne |’Enfer beds were deposited, 
then the total displacement is greater than 37,000 ft. 

The time at which measurable displacement took 
place must naturally be later than the age of the beds 
which were displaced: Most of the evidence of hori- 
zontal movement put forward is shown by the sheet 
sand series of Morne |’Enfer and La Brea formations. 
In the Mackenzie area of the Erin basin more than 
3000 ft of La Brea (Pliocene) beds lie in fault contact 
with Cruse beds and it is believed that this thickness 
represents almost the entire sequence of Pliocene beds 
belonging to 8. Trinidad. Siparia beds of Pleistocene 
age cover a considerable area in the Siparia basin. S. 
of the fault Siparia beds have not been identified, but 
further investigation may prove whether or not these 
beds have also been displaced horizontally. The 
author has been asked whether any movement has 
been discovered within living memory. At least 120 
wells have now passed through the fault, and these 
should be particularly sensitive to earth movement. 
In none of these has there been any report of casing 
failure due to natural causes. No earth tremors have 
been recorded in direct association with the Los Bajos 
fault. It may be said therefore that present-day 
movement along the fault is non-existent. 

J. C. Crowell, referring to the San Gabriel fault of 
S. California, gave evidence of a consistent deflection 
of stream channels. The San Gabriel fault is moving 
actually at the present day, and streams which cross 
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the fault are continually having their downstream 
sections moved by the fault away from their upstream 
sections and a similar Z bend is then formed at the 
fault at each stream crossing. E. Rod (1956, p. 466) 
also describes very distinct stream displacements of 
this type due to strike-slip faulting in N. Venezuela. 

Topographical maps of outcrop of the Los Bajos 
fault, especially where competent beds are in contact 
with at least one face of the fault, have therefore been 
examined. No evidence of movement which affects 
the present drainage pattern can be found. In the 
Coora—Quarry field a clear fault feature is shown as 
a line of depression. A number of streams cross this 
feature at right-angles but show no zig-zag pattern 
whatsoever. It is considered, therefore, that the 
period of movement amounting to seven miles dis- 
placement occurred after Pliocene and before recent 
time. 

The author has attempted to account for a consider- 
able difference in the amount of displacement found 
in his four separate measurements. These measure- 
ments may be compared as follows: 


(1) The lithological facies change has been 
moved by 44,000 ft, unless it is assumed that the 
outline of the facies change takes a sharp bend 
to the W. in the area which is now eroded. 

(2) Variations in thickness between markers 
cannot be measured with any degree of accuracy 
until the region between Grande Ravine and 
Mackenzie is drilled up. 

(3) Similarity of electric logs of individual 
wells gives a movement of 37,000 ft, but again 
cannot be measured with any great accuracy 
without further drilling. 

(4) A remarkable consistency of measurement 
has, however, been found between the displace- 
ments of the three main structural features. 
These have all moved a distance of 32,000 ft. 


It is suggested that the 12,000-ft difference between 
displacement of lithology and displacement of struc- 
ture may prove to be valuable evidence that at least 
two stages of movement can now be identified and 


measured. The following chronological order of rele- 
vant events is suggested: 


(a) Deposition of Morne |’Enfer and La Brea 
formations. 

(b) A strike-slip movement eastwards of 12,000 
ft along the same fracture as that of the Los 
Bajos fault. 

(c) The main development of structure locally 
along the Andean trend and the development 
oblique to that trend of the Point Fortin and Los 
Bajos anticlines. 

(d) The main and final strike-slip movement 
eastwards of 32,000 ft. 
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THE DISTILLATION OF BINARY AND TERNARY MIXTURES * 
By A. K. QURESHI+ and W. SMITH? 


SUMMARY 


At a constant flow rate and total reflux the separation of binary and ternary mixtures by a wetted-wall column 
has been measured. It has been found that the height of a transfer unit, calculated from these measurem nts, 
depends on the concentration of the mixture in the column, as has been found by many other workers. For binary 
mixtures a simple function which is substantially independent of the concentration of the mixture has been 
devised empirically for the performance or efficiency of the column. 

It is pointed out that in multi-component mixtures it is possible to ascribe a different value of the efficiency of 
separation to each component, and that the height of a transfer unit for each component of a ternary mixture is 
different is shown by the experimental results. It is concluded that for practical purposes it is possible to use 
the performance measured during the separation of binary mixtures for calculation of the separation of ternary 
mixtures. A discussion of the transfer unit theory as it applies to ternary mixtures is appended. 

Equilibrium data and the refractive index and density at 20° C for the two ternary mixtures—heptane—methyl 
cyclohexane-toluene and acetone—chloroform—benzene are included. 


NOMENCLATURE 


a Area of interface per unit volume of packing. 
G Molal flow rate of the vapour phase. 

h Distance up the column from the bottom. 

H Total height of the column. 

H, Hoay(1 — y) 

Hog Height of an overall transfer unit in vapour phase, and 
calculated using Whitman’s theory. 

K. Ke/y(1 — y) 

Ke Overall mass transfer coefficient. 

S Cross-sectional area of the column. 

x Mol fraction in the liquid phase. 

y Mol fraction in the vapour phase. 

y* Equilibrium value of zx. 

Subscript 7—top of column, B—bottom of column, 


INTRODUCTION 

THE fact that the performance of packed distillation 
columns is a function of the concentration of the 
mixture heing separated, or some related variable, has 
been reported by many workers.*~® 15.17.1922 Usually 
the performance has been represented by the height 
of a transfer unit—generally Hog, based on overall 
vapour concentrations and calculated by assuming 
that the Whitman two-film mechanism is obeyed. 
With all other conditions the same the Hog for a 
binary mixture has a minimum value and becomes 
very large as the mixture becomes pure in either 
component. Although Whitman’s mechanism and 
other mechanisms of mass transfer which have more 
recently been devised »* all predict that the Hoc 
should show a slight dependence on concentration, by 
reason of the relationship between the film coefficients 
of mass transfer and the physical properties of the 
mixture, the variation in value measured experi- 
mentally is many times greater than that specified by 
any theory. Nor does ariy theory predict a minimum 
value in Hog. This fact has initiated much funda- 
mental work in recent years, but no satisfactory 
theoretical answer to the problem has yet been 
found. 


The performance of a packing is often given as a 
function of the throughput of material: it is rare that 
its dependence on concentration is noted. One can 
generally assume in this case that the value of Hog 
quoted is at or near its minimum, the average con- 
centration in the column during measurement having 
been such as to ensure this. It is then difficult to 
estimate the performance when the mean concentra- 
tion has some other value. The first part of this 
paper describes an empirical method of allowing for 
the effect of concentration. 

It was discovered that it is not possible to deal with 
a ternary mixture in the same way. In a binary 
mixture the Hog calculated from the measured 
separation in a distillation column is bound to be the 
same whether the separation of the more volatile 
component (m.v.c.) or the less volatile component 
(l.v.c.) is used in the equation defining Hog. This 
is ensured by the algebraic form of the relationship 
between the concentration of the two components 
(see Appendix 1 (a)). However, once a third con- 
centration variable is introduced, the equality of Hog 
for each component is not assured even though, as for 
a binary mixture, Whitman’s theory requires that 
they should be the same (see Appendix 1 (b)). This 
problem has been examined theoretically in several 
ways.!®20,21 Jn practice, this means that values of 
Hoa, calculated from the concentration change of 
different components in the same column in the same 
experimental measurement, are likely to be different. 
Again, as for binary mixtures, this is caused by a 
breakdown of the theory. In this paper values of 
Ho« for each of three components measured for many 
different concentrations of a ternary mixture are 
given, and the way in which these values depend on 
concentration and their behaviour under various 
conditions is discussed qualitatively. 
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APPARATUS 

For the purposes of this work the chief measure- 
ments required were point values of Hoy for a wide 
range of values of the concentration of mixtures 
being separated by a packed distillation column. 
Point values are most easily obtained by measuring 
the separation of a mixture over a short length of 
column, such that the concentration change is small, 
preferably not greater than the interval corresponding 
to one theoretical stage. However, to place two 
sampling points one above the other in a packed 
column. in order to measure a concentration change of 
this order would be undesirable. Their distance 
apart would be too small to ensure that the removal 
of a sample from one point did not affect the con- 
centration of the sample which should be taken 
simultaneously from the other point. It is in any 
case difficult to obtain representative samples of 
either phase from the centre of a packing. An 
alternative method, namely, to take samples from 
the condenser and reboiler with only a very short 
length of packing between is also unsuitable. Apart 
from the unknown amount of rectification in the 
reboiler and condenser, an assessment of the extent 
of end effects in the packing would be difficult and 
the character of the phase flow in the packing would 
be uncertain. 

For these reasons a wetted-wall column was used in 
this work. Although in a wetted-wall column the 
separation of the mixture is small, the length of the 
separation section is large and end effects can be 
confined within a short distance of each end. By 
careful design, rectification in the reflux return and 
condensing equipment can be kept small and, by 
taking samples of the liquid just after it leaves the 
wall at the bottom of the column, the effect of 
rectification in the reboiler equipment can be excluded 
from the measurements. 

The assumption is made, however, that the nature 
of the distillation process in a wetted-wall column is 
the same as that of a packed column. There is no 
reason why the mass transfer mechanism itself should 
be different; but in a wetted-wall column the flow of 
the phases is much less disturbed than in a packed 
column. Apart from the formation of ripples on the 
surface of the liquid film, the flow in a wetted-wall 
column is undisturbed, and by no means resembles the 
discontinuous pulsating liquid movement observed in 
a packed column. (Since it was considered that a 
wetted-wall column operating with ripples rather than 
without ripples in the liquid film more closely re- 
sembles in behaviour a packed column, no attempt 
was made to suppress rippling.) It was found by 
comparison with some previous work !*!* that Hoc 
for a wetted-wall column bears the same kind of 
relationship to concentration as it does in a packed 
column (v.i.). 


A diagram of the equipment, the principal parts of 
which were made in glass, is shown in Fig 1. Vapour 
from the reboiler (S), a 3-litre flask, was introduced 
into the centre of the bottom of a 134-cm long and 
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2-5-cm i.d. glass column, the wetted-wall section of 
the equipment. Liquid from the bottom of the 
column was collected smoothly (C) below the level at 
which vapour was fed in, passed through a capillary 
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flowmeter (F,), and returned to the reboiler. At 
the top of the column the liquid reflux was measured 
by another capillary flowmeter (F,) and then led 
through a reflux heater (U) back into the main tube. 
It was found that if the liquid was first calmed by a 
glass screen and then passed over a lip flattened and 
bevelled to an angle of 15° (Fig 1 detail) an un- 
disturbed film was straight away obtained, although 
rippling in the main part of the column was not 
prevented. The vapour from the top of the wetted- 
wall column was kept out of contact with the liquid 
as far as possible. It was led to the condenser 
through a tube (V) heated to a temperature well 
above the condensation point of the vapour, thereby 
preventing further rectification. 

The wetted-wall section of the equipment was 
jacketed throughout its length with a 5-cm i.d. glass 
tube. Glycerine-water mixtures were pumped into 
the bottom of this jacket at the temperature of the 
liquid inside the column at that point. The rate of 
flow was chosen so that the temperature of the glycerine 
solution when it reached the top of the jacket was the 
same as the temperature of the liquid reflux. The 
rate of fall in temperature (T,) or the temperature 
gradient along the tube, caused by loss to the sur- 
roundings outside the jacket, is not necessarily the 
same as the temperature (T,) gradient of the liquid 
inside the tube, fixed by the rate of rectification. 
However, the change in temperature of the liquid 
inside the tube is small, and the maximum temperature 
difference across the wall of the inside tube will be 
very small, 


PROCEDURE 


All the experimental results used in this paper were 
measured at atmospheric pressure at total reflux and 
at the same flow rate. (Between 0-95 and 1-1 g/ 
sec for heptane—methylcyclohexane—toluene—Reynolds 
No. in the vapour phase 2750 to 3000; and between 
1:05 and 1-25 g/sec for acetone-chloroform—benzene 
—Reynolds No. in the vapour phase 3450 to 3800.15) 
A mixture was placed in the still, the composition 
being chosen by experience to give the desired value 
of the mean concentration in the column. The 
reboiler and reflux line heaters were adjusted to give 
the required flow rate, and the temperature and cir- 
culation rate of the glycerine chosen to give adiabatic 
conditions. After a period of about one hour in order 
to allow conditions to become steady, two sets of 
samples were taken at intervals of half an hour. A 
sample of the bottom product was first removed from 
the liquid line returning to the reboiler (¢,). Since 
the quantity of liquid in the reboiler is large compared 
with the quantity of mixture in the rest of the equip- 
ment, conditions in the column were only slightly 
affected. A sample from the top of the column was 
then removed as quickly as possible from the reflux 
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line (¢,). If analysis showed that the composition of 
the two samples from the same point was within 
0-002 mol fraction (0-0002 in refractive index), the 
readings were recorded. 

The composition of samples of binary mixtures was 
determined by measuring their refractive index at 
20° C with an Abbé refractometer (reading to three 
decimal places with interpolation of a fourth). For 
this purpose about 0-5-ml samples were required. In 
order to measure the composition of ternary mixtures 
another property of the liquid sample must be mea- 
sured. It was found to be most convenient to measure 
the density, and this necessitated a sample of about 
6 ml (a 5-ml 8.G. bottle being used). 


PHYSICAL DATA 


Two ternary systems, heptane-methyleyclohexane— 
toluene and acetone—chloroform—benzene, were used 


EQUILIBRIA 


in this work. The physical properties of these two 
systems and the two sets of three binary pairs making 
up each ternary mixture were determined. 

Equilibrium data at atmospheric pressure for the 
six binary mixtures were obtained from the literature 
(n-heptane-methyleyclohexane,! n-heptane—toluene,! 
methyleyclohexane—toluene,* acetone-chloroform,™ 
chloroform—benzene," acetone-benzene !*). The 
ternary equilibria of the system acetone-chloroform-— 
benzene have been measured by Reinders and De- 
Minjers,'* and Fig 2 has been plotted from this data. 
Data for the system heptane—methylcyclohexane— 
toluene were calculated from binary data and the few 
ternary points available in the literature,’ by using 
the equations of Wohl,” and are plotted in Fig 3. 
The refractive index and density of the ternary 
mixtures were measured at 20° C and are plotted in 
Figs 4 and 5. 
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ACETONE-CHLOROFORM-BENZENE REFRACTIVE INDEX 
AND DENSITY LINES (AT 20° c) 


HEPTANE 


HEPTANE~—METHYLC FCLOHEXANE—TOLUENE-REFRACTIVE 
INDEX AND DENSITY LINES 


For the system heptane—methylcyclohexane-tolu- 
ene, the lines of constant refractive index and 
density cut at an oblique angle, and therefore analysis 
is not as accurate as with the acetone—chloroform— 
benzene system, where the lines cross almost at right 
angles. Also the equilibrium data for the heptane— 
methyleyclohexane-toluene system were calculated 
and not measured, and therefore are less reliable than 
for the acetone-chloroform—benzene system. It is 
estimated that with the acetone—chloroform—benzene 
system the maximum error in each diagram is of the 
order of 1 mol per cent. 

The effect of inaccuracies in these diagrams on the 
calculated value of Hog is estimated later. 

Many other properties of these systems have been 
measured or calculated.'° They include the densities 
and viscosities of the binary liquid mixtures at 
temperatures from 20° C to the boiling point, the 
boiling points of the ternary mixtures, and the 
kinematic viscosities and vapour densities of the 
ternary liquid mixtures at the boiling point. 


DISCUSSION OF THE EXPERIMENTAL 
RESULTS 
Binary Mixtures 


The performance of the column was first expressed 
in terms of the height of a transfer unit (based on 
overall vapour concentrations) defined by the equa- 
tion 


where y is the bulk vapour composition of the more 

volatile component (mol fraction) ; 

y* is the equilibrium value of the bulk liquid 
composition x (and for total reflux, x = y); 

H is the total height of the wetted-wall section 
of the equipment; 

T refers to the top of the column, and 

B to the bottom of the column. 


Hoc for the six binary mixtures making up the two 
ternary mixtures are plotted in Figs 6 and 7 against 
the mean bulk vapour concentration in the column. 
Since the maximum difference between y7 and yz is 
of the order of 0-15 mol fraction, the arithmetic mean 
concentration is used. 

Although the values have a different magnitude, 
the relationship between Hog and composition has a 
similar form to that noticed by many other workers 
using packed and plate 15,1719, 22) The 
performance becomes very small, or Hog very large 
as the concentration tends to zero or unity, the posi- 
tion of the minimum value of Hog varying from 
system to system. An interesting result is obtained 
with the acetone-chloroform mixture, which forms an 
azeotrope at 0-385 mol fraction acetone. A double 
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curve results, the split between the two regions 
occurring at the azeotropic composition. 

Many reasons have been put forward for the 
apparent dependence of Hog on the composition of 
binary mixtures undergoing separation by distillation. 
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This matter has been discussed in detail elsewhere 17 1* 
and is not considered in this paper. The primary 
concern here is to find an empirical expression for 
the performance of the wetted-wall column which 
does not vary with composition. It is expected that 
any measure of the performance found to be suitable 
for the wetted-wall column will also be suitable for 
packed columns, and this will be confirmed. 

The rate equation for mass transfer by distillation, 
from which Hog is derived and defined as in equation 
(1), is 

aN = G dy = Ke aS (y* — y) dh (2) 


where dN is the amount of the m.v.c. transferred per 
unit time in height dh of the column; 
G@ is the molal flow rate of the vapour; 
a_ is the area of interface per unit volume of 
the column, and 
Sis the cross-sectional area of the column. 
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It can be shown that 
Hog = G/Ke aS (3) 


Now in practice Hoo is a function of y which has a 
minimum and becomes very large as y tends to 0 or 1. 
To counteract this variation it is necessary to multiply 
Hoe by another function which has a maximum and 
becomes zero as y tends toOor1l. One such function 
is y(l1 — y), and therefore Hoey(1 — y), which shall 
be written as H., may be independent of composition. 
By analogy with (3) can be put 


H. = G/K. a8 (4) 


K. = Ke/y(l — y) (5) 


and K., a modified transfer coefficient, may likewise 
be independent of composition. Substituting in (2), 
it is found that the rate equation becomes 


dN = Gdy = K.aS (y* —y)y(1—y)dh (6) 


The extra product term y(1 — y) can be accounted 
for in two ways. Either the mass transfer coefficient 
Ke is for some reason proportional directly or 
indirectly to y(l — y) eg. y(l —y) may be pro- 
portional to the value of some physical property 
affecting the distillation process), or (y* — y)y(1 —y) 
is more like the proper driving force for mass transfer 
in the column. Sawistowski!’ has inclined to the 
latter view, and he has shown that the term y(1 — y) 
arises when the rate of transfer across the interface 
can be specified by a first order rate equation. 
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That H,. is much less dependent on concentration 
than Hog is shown in Fig 8, where the results for the 
six binary mixtures tested are plotted. A graph of 
y(1 — y) versus y is a curve symmetrical about y = 0-5, 
whereas the curve of Hog versus y is not symmetrical, 
as may be seen in Figs 6 and 7. However, horizontal 
lines have been drawn in a mean position through 
points which are in addition scattered by experi- 
mental inaccuracies. The function does not account 
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‘well for the double curve obtained with the acetone— 
chloroform mixture which forms an _ azeotrope. 
There is also a tendency for the points to follow a line 
slightly convex upwards. 

The same trend is shown by some careful measure- 
ments obtained by Sawistowski?? from a packed 
column with and without re-distributors, separating 
heptane-toluene mixtures. These are plotted both 
as H, and Ho, against the mean concentration in 
the column in Fig 9. It can be seen that H, varies 
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over the concentration range y = 0-9 to 0-05 only as 
much as Hog varies between 0:75 and 0:3. 4H. 
changes in value by +25 per cent and maintains a 
normal value as the mixture becomes pure, whereas 
Hog changes by -+-50 per cent in the range examined 
and by very much more as y tends to0 or 1. Sawis- 
towski found that y(1 — y) }*5 gave a better correla- 
tion for the system heptane-toluene. To specify a 
different index for each binary system would, how- 
ever, complicate the correlation, and for the accuracy 
required for most design purposes the simple modi- 
fication is adequate. Values of Hog quoted in the 
literature and ascribed to particular packings are 
usually minimum values, t.e. they have been measured 
with the average concentration in the column between 
about 0-4 and 0-6 mf. By assuming that H, or 
Hocy(1 — y) is constant, values of Hog suitable 
when the mean concentration is more dilute can be 
estimated. 


Ternary Mixtures 


It is useful to plot the rectification lines of the 
column for each ternary system, and these are shown 
in Figs 10 and 11. The rectification lines follow the 
course of the concentration change in a column of 
infinite length. (They are plotted from the experi- 
mental results in the following way: in Fig 11 Y is 


the composition at the top of the wetted-wall column 
when X is the bottom composition and Z is the 
composition at the top of the column when Y is the 
bottom composition, and so on, the lines being for 
total reflux.) For a mixture with no azeotrope, the 
lines will always originate at the least volatile com- 
ponent (l.v.c.) apex and end at the most volatile 
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component (m.v.c.) apex. The acetone—chloroform— 
benzene mixture has a binary azeotrope of chloroform 
and acetone which is maximum boiling, but has a 
lower boiling point than benzene (l.v.c.). Thus, for 
this mixture, the diagram is split into two regions, 
Aand B. Any mixture lying on the rectification line 
dividing these two regions (SS) will theoretically be 
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rectified to the azeotrope. Any mixture in region A 
will rectify to acetone and in region B to chloroform, 
all rectification lines starting at benzene. For a 
distillation at total reflux in a column with perfect 
plates the theoretical rectification lines are those 
dotted in Fig 10. The difference between the 
theoretical and experimental rectification lines is 
caused by a change in the efficiency of the wetted- 
wall column (H.E.T.P.) with composition. 

The Ho« for the separation of a ternary mixture is 
more difficult to define and calculate than for a binary 
mixture. It is shown in Appendix | (a) that the 
value of Hy, calculated from a known separation of a 
binary mixture is bound to be the same whether the 
more or less volatile component is considered. But 
if equations are written equivalent to | for each 
component of a ternary mixture 


Yr, 


and similarly for each component, where we must have 


1 
and y,* + + = 1, 


it does not follow that How for each component is the 
same. Thus, for a binary mixture, y*, is fixed in value 
by x, and through a material balance by y, alone. 
But for a ternary mixture y*, is only fixed when two 
bulk compositions of the liquid or vapour are specified, 
It is shown in Appendix | (b) that, provided y* — y 
is properly the driving force controlling the rate of 
mass transfer, the value of Ho,;; will be the same for 
all three components. Otherwise the change in the 
bulk compositions of the components through the 
column will not necessarily be such that Hog for each 
component works out to be the same. Here we are 
expecting Hog to depend on composition, the implica- 
tion being that y* — y is not the proper driving force, 
so the three H,; values are not expected to be the 
same. 

To determine the value of Hy; by equation (7) 
involves a tedious trial and error calculation. How- 
ever, where the separation in the column is small it is 
permissible to write, as is proved in Appendix 2, 

Hoo, = “tint (8) 
— 
where for total reflux 


(y* — — (y* — 
A 
(y*i7 — Yr) 


log, 
(y* 18 — 


These equations have been used to calculate the values 
of Ho«, which in Figs 12 and 13 are plotted against 
the arithmetic mean vapour composition as before. 
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It should be not« | that both the equilibrium data 
and the method of analysis is much less accurate for 
the heptane-methylcyclohexane-toluene system than 
for the acetone-chloroform—benzene system, and that 
Fig 13 shows only approximate values. In the case 
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of Fig 12, since the concentration change through the 
column is small, there is most likely to be in Fig 2 
an error of the same size and sign in y*,7 and y*, 2. 
This is also to be expected in Fig 4 and the net result 
of such errors on the value of Hog will be very small. 
An error of Z, in y*,7 and an additional error of E, in 
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y,r (but not in y*,s or y,z) leads to a total error in 
of approximately 


100 per cent 

High values of £, and £, are about | mol per cent, 
and y,7 — ¥,2 is about 15 mol per cent, giving a 
total error in Ho; of a maximum of 15 per cent, an 
error of this size being unlikely. 

For a ternary mixture it is possible to differentiate 
between two different conditions in the column, for 
one of the components, that of intermediate volatility 
(i.v.c.) or boiling point, can be transferred by a net 
amount in either direction, i.e. from liquid to vapour 
or vice versa. The other two components can be 
moved by a net amount only in one direction (7.e. 
m.v.c. liquid to vapour and l.v.c. vapour to liquid). 
By noting whether its concentration increases or de- 
creases in the column, the direction of transfer of the 
l.v.c. is immediately apparent. 

Referring to Fig 13, methyleyclohexane, the i.v.c. 
is transferred from liquid to vapour in region I and 
from vapour to liquid in region II. Fig 12 is com- 
plicated by the maximum boiling binary azeotrope of 
chloroform and acetone (the azeotrope having a 
lower boiling point than benzene). In region A, 
i.e. on the acetone side of the rectification line joining 
benzene and the azeotrope (Fig 10), the rectification 
is between benzene and acetone, the azeotrope acting 
as an intermediate volatile component. In region B 
the azeotrope likewise acts like a component of 
intermediate volatility in the separation between 
benzene and chloroform. As a result the diagram 
(Fig 12) divides into three regions: region I, in which 
only acetone passes from liquid to vapour, and 
therefore the azeotrope or i.v.c. effectively passes from 
vapour to liquid; region ILI, in which only chloroform 
passes from liquid to vapour, and therefore the 
azeotrope or i.v.c. passes from vapour to liquid, as in 
region 1; and region II, in which both acetone and 
chloroform pass from liquid to vapour, or the azeo- 
trope passes from liquid to vapour. So, in Fig 12, 
the i.v.c., the azeotrope, moves from liquid to vapour 
in region II, and from vapour to liquid in regions I 
and LIT. 

By inspection of Figs 12 and 13 the following 
behaviour can be noticed: 


(1) when two components are transferred from 
liquid to vapour the Hog is higher for the more 
volatile of the two components ; 

(2) when two components are transferred from 
vapour to liquid, the Hog is higher for the less 
volatile of the two components; and 

(3) the Hog of that component being trans- 
ferred alone in either direction lies between those 
of the other two components. 


However, there appears to be no simple relationship 
between the values of Ho; and the mean concentra- 
tion of the ternary mixture in the column, as has been 
found for binary mixtures. Nord ! has measured the 
separation of a ternary mixture by a plate column. 
It can be seen from his work that the plate efficiency 
of each component changes with composition in a 
manner similar to that of 1/Hoq obtained in this 
work. 

When allowance is made for the dependence of 
Hog for each component on concentration, proper 
calculation of the change in composition through the 
column is difficult. Only when it can be assumed 
that Ho, is the same for all three components and 
independent of concentration does the calculation 
simplify appreciably. It is unlikely that Hog data 
would in any case be available for the proper calcula- 
tion. In practice, the only data on efficiency would 
be a single figure for Hog or H.E.T.P. for a particular 
packing, measured near its minimum value for a 
binary mixture. The question therefore arises: 
knowing Hog near the minimum value for binary 
systems, what value should be used for ternary 
systems? It should be remembered that in a column 
separating a ternary feed mixture continuously, the 
length of the rectifying section will usually be deter- 
mined by the separation required between the m.v.c. 
and the i.v.c. (since the i.v.c. will often be specified at 
a low value in the top product and the I.v.c. will be in 
negligible amount). In this case the m.v.c. alone 
will be transferred from liquid to vapour, whilst the 
other two components are transferred from vapour to 
liquid. The values of Ho; measured in this work 
then show that the important separation is between 
those components having the lowest and the inter- 
mediate value of Hog respectively. It will most 
often be found that this is also true for the stripping 
section of the column. The single high value is 
possessed by that component which is not of im- 
portance in the separation. In Figs 12 and 13 it can 
be seen that the average of the two lowest values of 
Hoc is of the same order as the average value found 
for binary mixtures, and therefore in practice no 
considerable error will be introduced by assuming 
that the value of Hog measured for a binary system 
can be used for a ternary system. This argument 
cannot be applied to extractive distillation, where one 
of the components is very much less volatile than the 
other two, and the efficiency is likely to be low for all 
three components. 
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APPENDIX I 
(a) Binary Mixtures 


The rate equation for a two-component mixture can be 
written for each component as 


G du, = Koa,S (y*; — y,)dh . (1.1) 
G dy, = yg)dh . (1.2) 
where for the moment we admit the possibility that 
Kea 


Also we must have 


or dy, (1.4) 


Substitute (1.3), (1.4), and (1.5) into (1.2) and 
G dy, Kia (y*, yyjdh 
So that by (1.1) 
Integrate (1.1) and (1.2), 


dy, KeaySH 7 

4 

dis 

and O62 | y*s ee Ys G ( ) 


As Kea, Kea, then Noa, = Noga, and it follows that the 
two integrals should have the same value. Provided that 
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Kea; and Kea; are constant and independent of concentra- 
tion, the equality of the two integrals is automatically ensured 
by equations (1.1) and (1.2), which then require that 


If equations (1.1) and (1.2) were not obeyed, the two integrals 
would not necessarily be equal, except for the fact that for a 
binary mixture direct substitution of y*, and y, by y*, and y, 
from equations (1.3) and (1.5) also ensures that (1.9) is 
obeyed. This means that for a binary mixture Hog, and 
Hog, always have the same value for the same separation 
whether equations (1.1) and (1.2) are obeyed or not. 


(1.9) 


(b) Ternary Mixtures 


The rate equations for a ternary mixture can be written for 
each component as 


G dy, = KeaS (y*; — y,) dh ... (2.1) 
G dy, = (y*,— y2) dh. . (2.2 
G dys = — ys) dh. (2.3) 
Also 

. . . (24) 
dy, +dy,+dyy=0 . . . (2.5) 

Substituting (2.4), (2.5), and (2.6) into (2.1), 
— + dys) = — KeayS((y*2 — + (y*s — ys)) dh 


Eliminating y*, — y, and y*, — y, from (2.2) and (2.3) and 
simplifying 


dy, — Kea, 
dify Kea, — Keay Kaas 
or, since Kea = G/HoeS, 
diy, — Hoa, (2.7) 
dys Hoa Hoa 


It can be shown in the same way that 


dy, Hoas ne: How: 


= 2. 
dis Hoag - Hoe, (25) 
Adding (2.7) and (2.8), 
dy, +  _ Hoes — How, + Hoos — 


dis Hoe: Hoe, 


Hous Hoe, 


or 


Also it can be shown that 


Hoes Hous 
so that 
Keay = Keay Keas 


as for binary mixtures. 
This has been proved by other workers in different ways.'® *° 
We integrate equations (2.1), (2.2), and (2.3) to give 


AS dy; KeavSH 
Yig — G 


(i = 1, 2, and 3) 


As before the three integrals should be the same, since the 
three mass transfer coefficients are the same. Provided that 
equations (2.1), (2.2), and (2.3) are exactly obeyed this is 
ensured. However, if (2.1), (2.2), and (2.3) are not obeyed, 
as is expected in this work, then the three integrals will not 
necessarily be equal. Unlike the case of binary mixtures, 
equations (2.4), (2.5), and (2.6) do not ensure the equality of 
the integrals in this case. It is not likely therefore that the 
values of Nog or Hog for each component calculated from the 
experimental results will be equal. 
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APPENDIX II 
Log Mean Concentration Difference 


We desire to find the number of transfer units for a ternary 
mixture when the concentration change of all three com- 
ponents throughout the column is small. 

For component 1 


YT. 
Noa | 
YB, 


This can only be determined if we have y*, as a function of y,. 


(3.1) 


But y*, is a function not only of x, (and hence y,) but also of 


2, or #3, the liquid compositions of the other components. 
However, when the concentration change is small the effect 
of a change of x, (say) on the equilibrium value y*, can be 
neglected, Also we can assume that 

(3.2) 
where m, is the slope of the equilibrium curve at 2, in the 
direction of the rectification line. The operating lines give 


(3.3) 


= + 


where LZ and D are the liquid and product molal flow rates 
and xp, is the product composition of component 1. 
Therefore 


= ay, + (3.4) 
where 
a, = and b, = c, — m,”, be, 
Substituting for y*, in 3.1 and integrating 
1 — yr, + 
Noa = log, 3.5 
But 
m, = — 
Yur — 
So, substituting for a, and ayy, +- ),, 
Nea, = 
=" 
where 
Gy, 
= (3.7) 


(y*i7 — wiz) 


log, 
(y*ia — y* 
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At Frasers that precious commodity, money, is the care of a separate cost-control 
department. All projects begin, of course, with a budget and all costs are 


checked and reported monthly. Thus, should any new problem arise 


you will be advised at once how costs are likely to be affected. Frasers’ great 
experience of the cost-control and contractual arrangements best suited to 


chemical engineering is always at your service. 


DEVELOPMENT + DESIGN - ENGINEERING + PURCHASING - FABRICATION - EXPEDITING cost CONTROL ERECTION +» COMMISSIONING 


w. J. 


co. 


THE COMPLETE CHEMICAL & PETROLEUM 
ENGINEERING SERVICE BY— 


W. Jj. FRASER & CO. LTD., ROMFORD, ESSEX & BARNSLEY. YORKS. AUSTRALIA, NEW ZEALAND, RHODESIA, S. AFRICA, SPAIN 
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this Filter talk will 
drive me round the bend! 


Sorry, old fruit. I was only trying to be helpful. 


Helpful! Here am | practising for the only real sporting event of the year and 
all you can talk about is some wretched little gadget on one of your 
blasted hairyplanes. Can't you see | need to concentrate? 


It’s not a little gadget and they'd never put it 
on a plane—it’s bigger than this Renault. 
They put it in the line between the storage 
and aircraft tanks to make sure 

the plane gets clean, water-free fuel. 


That's the trouble with your infantile 
modern engines—they have to be fed on 
strained foods or they get indigestion. 
Now look at Dotty... 


Exactly. Do you really think she 

enjoys having that steam pouring 
through her exhaust? Now if you 

took a Simmonds Fram Separator Filter 
in tow you could have 100% water 
separation and complete filtration 

of solids down to 5 microns. 


It’s tempting, very 
tempting... but it 
wouldn't be fair on 
the other competitors. 
Now d'you mind if we 
stop aminute... 

I think | really will 
have to get the 

rest of that 

bird's nest out 

of the tank. 


the point of the argument... FRAM SEPARATOR FILTERS 
for clean water-free fuel 


For more details of this and other Simmonds products 
SEND FOR LITERATURE to 


SIMMONDS AEROCESSORIES LTD 
Byron House, 7-8-9 St. James’s Street, London, S.W.1. 


Head Office and Works: Treforest, Pontypridd, Glamorgan 
Also Birmingham, Glasgow, Stockholm, Copenhagen, Ballarat, 
Sydney, Johannesburg, Amsterdam and New York 

A MEMBER OF THE FIRTH CLEVELAND GROUP (FC) 
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PREDICTING ALKYLATE 
FOR OCTANE ULTIMATE ‘= 


As the compression ratios of the modern motor car engine increases to improve fuel 

efficiency, the problem of producing suitable petrols becomes more acute. : 

The present practice of raising the octane number of petrol exclusively with higher octane 
reformates is not likely to be the ultimate solution. In road performance tests the higher 

octane reformates often show up poorly because of their undesirable combustion characteristics. 
Adding alkylate to the petrol blend is the sure way to raise the octane number and 

to improve the petrol quality at the same time. With the rapid expansion and growth of the 
petrochemical industry, refiners can expect to find alkylation feed stocks more plentiful. 
Kellogg International Corporation invites oil refining executives concerned with future 
planning to discuss alkylation and its future in the octane race. The Kellogg organization 
offers an unmatched record of experience in alkylation. Their engineers have designed 

about 30 alkylation units of various types 
with a total capacity in excess of 100,000 
barrels per day. To continue to 
improve the process, a Kellogg 
research and development 
programme in alkylation is 
maintained. Reprints of 
technical articles on the 
Kellogg sulphuric acid 
alkylation process will 

be sent on request. 


Kellogg International Corporation 


KELLOGG HOUSE 7-10 CHANDOS STREET, CAVENDISH SQ. LONDON 


SOCIETE KELLOGG PARIS 

THE CANADIAN KELLOGG COMPANY LTD + TORONTO 
KELLOGG PAN AMERICAN CORPORATION - NEW YORK 
COMPANHIA KELLOGG BRASILEIRA - RIO DE JANEIRO 
COMPANIA KELLOGG DE VENEZUELA «= CARACAS 


Subsidiaries of 


THE M. W. KELLOGG COMPANY 
NEW YORK 
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Atmospheric and Vacuum Distillation Units 


Combined Distillation, Gracking, Reforming and 
Vapour Phase Treating Units 


Pressure Distillate Re-run Units 
Gasoline Recovery and Stabilization Units 
Fractionating Columns and Tube Stills 


Wax Refining, Sweating and Moulding 


CHEMICALE © 


PETROLEUM 
ENGINEERING 


SS 


OLYMPIA 18 28 JUNE 1958 


A. F. CRAIG & COMPANY LIMITED 


CALEDONIA ENGINEERING WORKS + PAISLEY + SCOTLAND 


LONDON OFFICE: 727 SALISBURY HOUSE - LONDON WALL - E.C.2 - PHONE NATIONAL 3964 
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A tanker installation showing NH Forged Steel Valves in service. 


NEWMAN-HENDER 


FORGED STEEL VALVES 
and fittings 


PROVED down to the minutest detail. 
Each Newman-Hender Forged Steel Valve has 
passed the most exacting tests before being 
sent out for service. It is on account of their 


reliability that they are used so extensively. 


A complete range Newman, Hender € Co. Ltd 


of fittings is 


also available. [wooocHesTeER < NH STROUD, GLOS.] 


Descriptive literature available on request. 
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latforming 


the answer 


to most every 


petroleum 


processing 


problem is 


somewhere 


on these 


Working out the solution to a 
processing problem can be a 

pretty tough assignment for any oil 
refiner. But this is a UOP specialty. And 
it’s highly probable that UOP, 

with more than forty years 

of research and engineering development 
in oil refining technology, can come 
up with the right answer. The 
processes shown here have already 
answered many such problems, 
and they represent only some of the 
refining and petrochemical processes FAY bin 
UOP makes available to all 
refiners anywhere. If you 
want to know more about these 
let us send you our illustrated, 
new 36-page brochure 
describing these processes 
more fully. Drop us a line on 
your company letterhead. 


UNIVERSAL 


OIL PRODUCTS 
COMPANY 


30 Algonquin Road 
Des Plaines, Illinois, U. S. A. 


More Than Forty Years Of Leadership 
In Petroleum Refining Technology 


Representative in England: F. A. Trim, 
Bush House, Aldwych, London, W.C.2 * Registered Trademark of the Universal Oil Products Company 
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Flexible Heating Tapes 


What heat do you want? What material 
do you have in the pipes? Whatever the 
material and whatever the heat up to 
1000° C, Stabilag Heating Tapes provide 
the complete answer. Easily connected, 
simplicity itself in the installation, the various 
grades of Stabilag Tapes can adequately 
keep anything moving from low tempera- 
ture viscous materials to molten metals. 
Calsil Heating Cables give temperatures 
up to 180° C, proofed or unproofed C 1 for 
up to 250°C, S 1 covering the 300°-400° C 
range and the heavy duty Refrasil right the 
way to 1000° C. 

Stabilag Tapes are produced under the 
most exacting conditions and represent the 
very finest products of their kind. Addi- 


tionally, Stabilag have the technical backing 
and know-how which is a real and very 
necessary service to the user. Advice is 
willingly and freely given, problems are 
thoroughly investigated. Literature is avail- 
able, please send for it. 


Illustrated above is an X-Ray photograph of a typical 
tape section. 


THE STABILAG COMPANY LIMITED 


(Dept. C.5) Mark Road, Hemel Hempstead, Herts. Phone BOXMOOR 448! 
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DRILLING, PRODUCTION 
and PIPE LINE EQUIPMENT 


DERRICKS - SUBSTRUCTURES and ACCESSORIES 


MASTS, DRILLING RIGS - Drawworks and Compounds 
(Manufactured under EMSCO Licence) 


DRILL-COLLARS, TOOL-JOINTS, SUBSTITUTES 
DRILLING BITS and CUTTER HEADS 


DIESEL ENGINES specially designed for all Petroleum Industry requirements 
“M.G.O.” -”POYAUD” - ”DIESELAIR’” - for 40 to 1600 BHP 

POWER SLUSH PUMPS from 30 to 900 HP - POWER PUMP UNITS 
DISCHARGE and SUCTION HOSE - MUD LINE ACCESSORIES 

MIXERS - CEMENTING DEVICES - PUMPING UNITS 


Sté Nationale de Matériel 


pour la Recherche et 


V’Exploitation du: Pétrole. 


12, rue Jean-Nicot - Paris-7¢-Tél. SOL. 89.89 


HANDY VOLUMES @ 
OF THE 


ASTM/IP PETROLEUM MEASUREMENT TABLES 


British and Metric Editions 


Vol. A. Interrelation of Gravities Vol. G. Reduction of Volume 
Density and Volumes .. pas 20 Specific Gravity 60/60°F. 
Vol. B. Weights per Unit Volume and Volumes Vol. H. Miscellan Metric Tabl 
per Unit Weight against Sp. Gr. 60/60°F.... 36 
Vol. I. Reduction of Observed Density and 
Vol. C. Reduction of Observed Specific ° 
Gravity and Volume to 60°F. For LPG and —— ee 
Casinghead Gasoline ... ee 5 0 i 
Vol. D. For Aviation Gasoline, Motor Geso- J. Aviation Gasoie, 6 
line, Kerosine and Gas Oil... 6 0 ASW... 6 
Vol.E. For Diesel Fuel and Fuel Oils 6 6 Vol. K. For Diesel Fuel and Fuel Oils = 7 6 


Vol. F. For Fuel Oils and Bitumen ... 6 6 


: Vol. L. For Fuel Oils and Bitumen ... 
British Tables A—G; 


Metric Tables H—L 


Obtainable from:— 


INSTITUTE OF PETROLEUM 


61 New Cavendish Street, London, W.1 
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OCON BUILDS REFINERY 


we pian the refinery, every require- we train 85% of the native Cuban 


ment, every detail is carefully anticipated. Process | workmen in the technicalities of construction. These 
units that will perform as required are incorporated men were developed into highly skilled workers, 


into an efficient design. 


other previously trained mechanics were up-graded 
and perfected in various construction trades. 


we solve some tough 
problems. 1 and 2. Prefabricated crude 
atmospheric column was unloaded and 
floated ashore overcoming expensive and 
time-consuming transport problem. 
3. Prefabricated panels go on Platformer 
and crude heaters. 4. Some of the foun- 
dations and piping trenches were blasted 


from solid rock. 


© 
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FOR TEXACO CUBA 


And here’s how we did it... Solving challenging 
construction problems proves Procon’s ingenuity. 


It’s a pretty exacting business at best, building a refinery 
from scratch. Add a double handful of natural, geograph- 
ical and human problems to it and you’ve got a fairly 
clear picture of the challenges Procon met and overcame 
to give The Texas Company (West Indies) Limited this 
handsome refinery, the first ever built in eastern Cuba. 


The pictures you see here tell some of the story of how this 
20,000 BPSD refinery was built by Procon three miles 
south across the bay from Santiago. 


If you have a refinery in mind . . . or a petrochemical 
plant, or a chemical plant or individual process units 
for any of these . . . you can be sure of top-flight con- 
struction anywhere in the world when you call on Procon 
to do the job. 


PROCON SA 


JOSE A. SACO, NO. 6, SANTIAGO DE CUBA 


PROCON INCORPORATED, DES PLAINES. ILLINOIS. U.S.A. 
PROCON (CANADA) LIMITED, TORONTO 16. ONTARIO. CANADA 
PROCON (GREAT BRITAIN) LIMITED, LONDON. w. Cc. 2. ENGLANO 


WORLD-WIDE CONSTRUCTION FOR THE PETROLEUM, 
PETROCHEMICAL, AND CHEMICAL INDUSTRIES 


_ And here's the finished job. A beauty, capable of 
pumping 20,000 barrels a day into the hungry trans- 
_ port arteries of Cuba and adjoining countries. 


_ The refinery is served by a deep-water — 
dock that accommodates two pyar 
simultaneously. Procon laid a 24-inch” 

rude line and auxiliary piping to 

_ feed stock directly into processing area. 
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BROTHERHOOD 


VERTICAL AND HORIZONTAL 


STEAM TURBINES 


FOR DRIVING PUMPS, ETC. 


Wide range—All types. 
Over 50 years’ experience. 
Hundreds in hand— 
thousands in service. 


BROTHERHOOD 


COMPRESSORS 


Air, GasandRefrigerating. 


The widest range in the 
British Empire—made tosuit 


your requirements. 
Thousands in service. 


BROTHERHOOD 
GENERATING SETS 


Turbine driven up to 

11,000 kw. 

Engine driven up to 340 kw. 
Scores in hand, hundreds 
in service. 


BROTHERHOOD 
REFRIGERATING PLANT 
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one or more stages. 


Made to measure for 
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CAPOSITE 


— layer insulation 


Saves a layer— 
retains higher 
insulating qualities 


CAPOSITE is a ‘one-layer’ form of 
insulation. Used either as block or 
preformed section, there is no need to 
apply any type of heat resisting material 
before the main insulation. Yet 
National Physical Laboratory tests 
show that there is no increase of heat 
loss when CAPOSITE is applied direct. In 
fact, thermal efficiency has been rated 
as high as 98%, and even contact up to 
1000°F. shows no tendency to shrinkage 
which would result in heat loss. Being 
made from the uniquely long-fibred 


CAPOSITE is clean to handle, has a low 
breakage loss in transportation or 
storage, and its inherent strength 
enables it to be handled efficiently in large 
size blocks and pipe section 

diameters and lengths. 


CAPOSITE. 


ite Asbest ks and Pipe Sections 


and at: 


Write for full technical details to:— 

THE CAPE ASBESTCS COMPANY LTD. 114 & 116 Park Street, London W.1. Tel: GROsvenor 6022 
GLASGOW : Eagle Buildings, 217 Bothwell Street, Glasgow, C.2. Tel: CENtral 2175 

MANCHESTER : Floor D, National Buildings, St. Mary’s Parsonage, Manchester 3. Tel: Deansgate 6016-7-8 
BIRMINGHAM: 11 Waterloo Street, Birmingham 2. Tel: Midland 6565-6-7 

NEWCASTLE: 19 & 20, Exchange Buildings, Newcastle. Tel: Newcastle 20488 
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The long and the short of it is this: 
if you need a regular quick check on 
the head, weight or volume of any liquid, 
you need a Firth Cleveland Contents 
Gauge. The indicator can be mounted 
on the tank—any kind of tank— 
or hundreds of feet away. Several tanks 


ND 
4 
can be checked from a single AW 
indicator, and the measurement will always 
S 


be accurate—whatever the conditions. Firth 
Cleveland also provide high and low 
level warning devices and flameproof hydraulic 
gauges for control work. And their 
technicians are always on tap for tank 
calibrations and gauge installations. 


FIRTH CLEVELAND CONTENTS GAUGES give the right answer 


Manufactured by: FIRTH CLEVELAND INSTRUMENTS LTD. (A subsidiary of Simmonds Aerocessories Ltd.) 
Sales Dept: Byron House, 7-8-9, St. James’s Street, London, S.W.1. 
Head Office & Works: Treforest, Pontypridd, Glamorgan. A member of the Firth Cleveland Group. 
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BALLYHOO 


BARGAINS 
AND BULK! 


Building Road Tanks isn’t everyone’s job and the bargain basement is no place to look for them. 
Operators find that to be wrong on this is to leave them holding a big ‘bulk’ baby. 


Butterfields have been building Road ILLUSTRATED: A 8,680 gallon Mild Steel 
Refuelling Unit in unpainted 
condition. 


Tanks as long as anyone and much longer 
than most people. . . . Butterfield Road 
Tanks have never pretended to be cheap 
but have often proved, through years of 


service to be genuine bargains, on the 
principle that what really pays is not 
promise but performance. 


We are equipped with Weld X-Ray Plant, 
materials testing and microscopic examina- 
tion facilities for any required class of work. 


STAINLESS STEEL + MILD STEEL: ALUMINIUM: NICKEL: MONEL 


For ease of reference please mark all enquiries as follows: I/P/5 


W. P. Butterfield Ltd. Box 38 Shipley Yorkshire Telephone 42244 (8 lines) 
Branches LONDON Telephone HOLborn 2455 (4 lines) BIRMINGHAM Telephone EAS 0871 & EAS 2241 


BRISTOL Telephone 27905 LIVERPOOL Telephone Central 0829 MANCHESTER Telephone Blackfriars 9417 NEWCASTLE-ON-TYNE Telephone 23823 
GLASGOW Telephone Central 7696 BELFAST Telephone 57343 DUBLIN Telephone 73475 & 79745 
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MIDDLE EAST PIPELINE 


12° Pipeline 
16° Pipetine 
24° Pipeline 

30° Pipeline 
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ARABIA 


The Iraq Petroleum Company’s pipeline from Kirkuk to Banias carried across the 
desert nearly 15,000,000 tons of oil in 1956. Since 1953 this pipeline, a product of 
bold imagination, careful organisation and engineering skill has stretched across 
some of the toughest territory in the world. ‘ BITUMASTIC” coatings were 
used to protect the line throughout its length. 


Engineers looking for a consistently high inch-by-inch standard of protection, 
invariably specify BITUMASTIC ”. 


A list of leading Oil Companies using * Bitumastic”’ products is given in our Pipeline 
Data Booklet together with useful technical information. A copy will be sent on 
request. 


‘BITUMASTI(” 


REGISTERED TRADE MARK 


SETS THE STANDARD IN PIPELINE PROTECTION 


WAILES DOVE BITUMASTIC LTo HEBBURN co. DURHAM 
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